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ABSTRACT
This study presents comprehensive organic geochemical evidence of organic-rich 
marine shales in the middle Eocene lower part of the Claiborne Group and the lower 
Eocene-Paleocene Wilcox Group of south Louisiana. The shales are the only post- 
Cretaceous age sediments in the northwest Gulf of Mexico basin that fit the conventional 
criteria for liquid hydrocarbon source rocks. Visual and geochemical evidence suggests that 
the Paleogene shales contain terrestrially derived, amorphous kerogen with high hydrogen 
indices whose oil potential has been upgraded by bacterial degradation. The Paleogene 
section is at immature to late mature levels with respect to petroleum generation, at present- 
day burial depths of 10000 to 15000 ft (3048 - 4572 m).
Three shelf-edge depositional environments favored accumulation and preservation 
of hydrogen-rich organic matter 1) marine transgressive; 2 ) hemipelagic, deposited during 
progradation, and; 3) interdistributary bays. Increased marine character and thickening of 
source beds on the Paleogene continental slope to the south is expected according to 
seismic and sedimentologic interpretation. Paleogene source units of excellent quality, but 
high thermal maturity, are presently buried beneath upper Tertiary reservoirs in the sourh 
Louisiana salt basin.
Detailed geochemical analyses of extractable organic matter (EOM) and kerogen 
isolated suggest an oil-source correlation with Tertiary-reservoired oils in south Louisiana 
and the Louisian shelf. EOM samples have immature characterisitics, but compare favorably 
with south Louisian crude oils. Significant quantities of the biomarker species C 28,30- 
bisnorhopane and 18a-oleanane are present in the EOM, and in south Louisiana Tertiary 
crude oil, but are not reported from any known Mesozoic-sourced oils in the northwest Gulf 
of Mexico. Stable carbon isotope analysis of kerogen, EOM, and crude oils further suggest
ix
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that the oils were derived from isotopically heavier Lower Tertiary kerogen that could be 
significantly more marine, or more thermally mature, than that analyzed for this study.
Thermal maturity modeling was performed to evaluate the timing of generation from 
four possible source rock horizons: Jurassic, Lower Cretaceous, Upper Cretaceous, and 
Lower Tertiary, in three hypothetical wells in south Louisiana. The models indicate that only 
the Lower Tertiary and Upper Cretaceous are presently in the oil-window for liquid 
hydrocarbon generation.
x
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INTRODUCTION
Even though petroleum exploration and development in southern and offshore 
Louisiana has been ongoing for decades, there has been little success in determining the 
specific source rock(s) for petroleum in the Tertiary-age reservoirs of the region. As a 
consequence, the origin of these oils remains the subject of considerable debate (e.g. 
Schumacher and Perkins, 1990). It is generally recognized that worldwide, crude oils and a 
large proportion of natural gas are derived from fine-grained sedimentary rocks called 
source rocks that contain sufficient organic matter of the appropriate chemical composition 
to generate and expel crude oil and natural gas at appropriate thermal maturity levels. 
Thermal maturation (time-temperature effect) alters preserved organic matter (OM) into less 
complex petroleum compounds under elevated temperatures usually encountered during 
burial in a subsiding basin. Worldwide, most identified source rocks contain at least 1.00% 
by weight of well-preserved, hydrogen-rich OM, although some highly mature carbonate 
source rocks have been recognized with less than 0.5% OM (Sassen and Moore, 1988). 
Their accumulation is related to specific factors including deposition in poorly oxygenated 
(anoxic to dysaerobic) settings, high organic productivity, upwelling of deep basinal 
waters, rapid sedimentation rate, or a combination of these factors. The occurrence of a 
source rock can therefore be used as an indicator of specific environmental conditions.
In other basins worldwide, obviously organic-rich fine-grained source rock 
carbonates or shales occur in basin-rimming outcrops, or in close association with reservoir 
rock. In an ideal situation, a range of immature to mature, organic-rich shales considered to 
be possible source rock samples are available, and the organic geochemistry of source 
rocks and crude oils can be easily compared and correlated. However, in the Gulf of 
Mexico basin, the source rock controversy is complicated by two main factors:
1
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2(1) Shales associated with most south Louisiana and offshore Neogene reservoirs are 
overwhelmingly organic-lean, and are dominated by thermally immature, gas prone 
kerogen (Laplante, 1974; Bayliss and Hart, 1981; Pasley et al., 1988; Bissada et al., 1990; 
Taylor and Armentrout, 1990)
(2) The exceedingly thick Neogene sediment cover (>20000 ft) presently precludes 
the recovery of older shale samples for organic geochemical analysis from the deep basin in 
south Louisiana and offshore Louisiana.
This study summarizes and discusses organic geochemical data gathered on relatively 
shallow marine shales of the Paleogene lower Claiborne Group and Wilcox Group 
deposited near the Paleocene-Eocene shelf edge in south Louisiana (9000-16000 ft; 2743- 
4879 m). The bulk of the data consists of programmed pyrolysis of 1112 shale samples to 
determine the quantity and the quality (oil versus gas proneness) of the OM preserved in the 
shales, and the thermal maturity of the OM with respect to liquid hydrocarbon generation. It 
is believed that this sample set includes the deepest and most distal representatives of 
Paleogene shale deposition presently available from subsurface Louisiana
Although most of the analyzed samples are organic-lean shales that appear to have 
been deposited in normal, oxygenated deltaic and continental shelf settings, this study 
reveals that discrete organic-rich intervals are present in the Lower Tertiary section. In the 
study area, the organic-rich shales are laminated and non-bioturbated, with a dark brown to 
black color (Lazurus, 1985; Salakhuddin, 1985; Lemoine, 1988; Lowry, 1989). 
Sedimentary features, and the organic geochemical character from programmed pyrolysis, 
pyrolysis gas-chromatography, and visual kerogen assessment clearly suggest that some 
combination of the specific conditions conducive to deposition and preservation of a mixed 
assemblage of terrestrial and marine OM occurred at least locally in the study area during at 
least part of the Paleogene. In light of the long-standing awareness of organic-rich Lower
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
3Tertiary marine shales in south Louisiana (Anisgard, 1970; Lazurus, 1985; Nunn, 1986; 
Lowry, 1988) and Texas (Berg, 1984; Davis and Pacht, 1984; Pacht and Davis, 1984), it 
is notable that their significance was not seriously considered as a major source rock among 
geochemists long ago.
Lower Tertiary shales identified as transgressive marine shales from conventional 
core descriptions have their organic-richness attributed to deposition in dysaerobic to 
anoxic waters (Anisgard, 1970; Lazurus, 1985; Nunn, 1986; Lowry, 1988). Organic-rich 
regressive shales deposited in front of prograding Lower Tertiary sands have their laminae 
and lack of biogenic structures attributed to rapid sedimentation (Salakhuddin, 1985), and 
anoxicity (Lowry, 1988). Worldwide, sedimentary OM geochemical composition differs in 
transgressive and regressive shales because of distinct differences in the OM type, its 
geochemistry, and its degree of preservation (Wenger and Baker, 1985; Leckie et al., 1989; 
Pasley et al., 1990; 1991). Transgressive shales are relatively organic-rich and contain oil- 
prone OM mostly derived from marine sources. They often show evidence for deposition 
under anoxic conditions, usually attributed to transgression of the oxygen-minimum zone 
(OMZ) over the shelf (Tissot, 1979; Jones, 1987; Loutit et al., 1988). Regressive shales 
are normally much less organic-rich because of higher sedimentation rate, and are 
dominated by terrestrial OM because of a large influx of terrigenous sediment that dilutes 
available marine OM. However, regressive shales can be organic-rich if they accumulate 
under the right conditions. For example, downcutting of Eocene coal beds in the delta plain 
could provide partly oxidized OM to the shelf and slope region. Certain Wilcox coals of 
Texas that were deposited in aqueous swamp-marsh environments (Mukhopadhyay et al.,
1989) are hydrogen-rich, with potential for liquid hydrocarbon generation when thermally 
mature.
Additional detailed geochemical analyses of soluble hydrocarbons for bulk 
composition and biomarkers, and carbon isotopic analysis of kerogen and extractable
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
4organic matter (EOM), suggest that these organic-rich shales may be immature to peak 
mature representatives of the source rocks responsible for much of the oil and gas produced 
in south Louisiana and northern portions of the present-day Louisiana continental shelf 
(Chinn et al., 1989; Cole et al., 1990; Sassen and Chinn, 1990; Sassen, 1990; Wenger et 
al., 1990). South Louisiana crude oils are members of a broadly distributed family 
(Thompson and Kennicutt, 1990) whose geochemistry suggests derivation from a mature 
source deposited in a clastic marine environment (Thompson and Kennicutt, 1990; Price, 
1990; 1991). The organic geochemistry of the shales in the study area suggests that they 
may be updip equivalents of a more deeply buried and distal marine Paleogene source rock 
actually responsible for many Tertiary-reservoired oils (Sassen and Chinn, 1990, Cole et 
al., 1990).
The objectives of this study are as follows: Hrst, the organic geochemistry of 
Paleogene well samples will be presented and interpreted with respect to source rock 
viability. Second, organic geochemical character will then be interpreted with respect to 
depositional environments and depositional cycles of the Lower Tertiary section. Third, 
geochemical results will be compared to published geochemical data for south Louisiana 
crude oils, in an attempt to correlate the shales with crude oils. Finally, the thermal 
maturation history o f the Mesozoic-Cenozoic sediment column will be estimated from basin 
modeling of three locations spanning the study area.
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PREVIOUS WORK
Petroleum Source Rocks and Geochemical Analysis
A source rock is defined as a rock "which contains sufficient OM of suitable chemical 
composition to generate and expel hydrocarbons at appropriate thermal maturity levels" 
(Miles, 1989). Three attributes of the OM in a source rock are inherent in this definition: 
organic richness, or the amount of carbon derived from organic sources; source quality, 
related to the chemistry of the OM; and thermal maturity of the OM (Geochem Labs, 1980). 
The first two attributes are controlled by aspects of provenance, transport, and deposition 
of OM in a sediment, and the third, by the post-depositional thermal history of the sediment 
as it is buried. Typical clastic petroleum source rocks have 2-5% organic carbon by weight 
whereas typical non-source shales have at least 0.5%, and typically, more than 1.00% 
organic carbon (Figure IB; Miles, 1989). High biologic productivity, sedimentation rate, 
and the anoxicity of the water column and sediment column all contribute to the 
concentration and preservation of OM in the sediment However, the relative importance of 
each these factors in the successful deposition and preservation of OM in a source rock 
differs locally (Demaison and Moore, 1980; Calvert and Pedersen, 1990; Demaison,
1990).
OM type is controlled by the chemistry of the OM. In turn, the chemistry of the OM 
determines the composition of the hydrocarbons the OM produces. Most important for 
liquid hydrocarbon generative potential is the amount of hydrogen relative to carbon in the 
preserved OM. Organic matter is diagenetically altered during transport, deposition, and 
burial to form kerogen. By definition, kerogen is the insoluble OM that remains in a rock 
following extraction of soluble OM by organic solvents in the laboratory. Kerogen is a 
chemical mixture of all the sedimentary organic particles, and is the precursor for petroleum 
liquids and gases that form during the process of thermal maturation. It is derived from
5
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TEMPERATURE-PROGRAMMED PYROLYSIS— "ROCK-EVAL"
OUTPUT RESULTS
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Figure 1. Summary o f analytical and geochemical information derived from programmed pyrolysis
G\
7marine and lacustrine algae, higher (terrestrial) plants, and bacteria, that are preserved in the 
rock and not greatly degraded, either by biologic or inorganic processes near the time of 
deposition. Bacteria and algae have comparatively more hydrogen relative to carbon and are 
considered to produce oil-prone kerogen whereas OM from higher plants is comparatively 
hydrogen-poor and oxygen rich, and is considered gas-prone. Regressive shelf deposits 
offshore from deltaic systems like those which have dominated deposition in Louisiana and 
the Gulf of Mexico during the Tertiary mostly consist of land-derived sediment and are 
therefore dominated by terrestrially-derived OM (Pasley et al., 1990). In contrast, deep 
marine and transgressive shales are more likely to be dominated by marine OM (Tissot, 
1979; Pasley et al., 1990).
In essence, thermal maturation is the process of cooking chemically complex kerogen 
during burial so that it cracks into smaller and less complex carbon compounds. These 
lower molecular weight, less complex molecules constitute the oil and gas in sedimentary 
rocks. As the source rock maturity level increases from early mature to post mature stages 
with increasing temperature, crude oil, wet gas (condensate) and finally, dry gas are 
produced. Depending on many factors, hydrocarbon generation commences at about 65°C 
(145°F), peaks at 87-130°C (190-265°F), and enters the dry gas zone above 160°C (320°F). 
Miles (1989). In the Gulf Coast region, the process of thermal maturation is primarily a 
result of increased temperatures experienced with burial.
Table 1 is a summary of the main types of analyses used here to study crude oil and 
kerogen and extracts from organic-rich Lower Tertiary shales. Organic richness, source 
quality, and thermal maturity analyses are performed to determine the hydrocarbon- 
generating capability of the source rock. Analyses performed for this study include analysis 
of bulk rock samples (programmed pyrolysis, pyrolysis gas chromatography), kerogen 
isolates (visual kerogen assessment, vitrinite reflectance) and EOM (bulk analysis, C15+ 
gas chromatography, gas chromatography-mass chromatography)
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Table 1: Summary of common organic geochemical analyses used to characterize aource rocks. EOM. and crude 
oils. Much of this information was compiled from the GeoChem laboratories Source Rock Evakittion Re/erence 
Manual
'EOM-Extractable Organic Mailer; HC-Hydrocarbons; 0C> Organic Carbon; 0>Osygen; H-Hydrogen; C-Carbon; S-Sulfur
PURPOSE NAMEOFANALYTCAL TYPE OF SAMPLE BREF DESCRIPTION OF
_______________________ PROCSPUHE____________________________________ ANALYTICAL PROCESSES*
ORGANIC R C rttSS Temperature-programmed 
pyrolysis (Rock-Eval)
Whole rock or 
isolated kerogen
OC pyrolyzed in absence of 0%, then 
combusted. Quantities of HC and 
CO2  gases are measured
Ci 5 + Extraction ECM EOM is removed from whole rock 
by leaching with organic solvents 
for 16-46 hours
SOURCE QUALITY Visual Kerogen 
Assessment
Isolated kerogen Mineral matrix is dissolved in 
adds, and isolated kerogen is 
observed in transmitted light 
under the microscope
Temperature- 
programmed Pyrolysis 
(Rock-Eval)
Whole rock H and O quantities are determined 
relative to C by pyrolysis and 
combustion
THERMAL
MATURITY
Vitrinite Reflectance 
,%R0)
Isolated kerogen 
mounted in epoxy
Degree of reflectance of woody 
kerogen particles
Pyrolysis Tm*, 
(Rock-Eval)
Whole rock Temperature at which maximum 
amount of HC are produced during 
pyrolysis
Geochemical Parameters 
- deteimined by gas 
chromatography (GC)
ECM Relative proportions of diagnostic 
HC components (eg. CPI, 
Pristane/Phytane ratio, light 
medium and heavy HC quantities
HC RICHNESS AND 
QUALITY; OIL 
CHARACTEREATON
Ci 5 + paraffin- 
naphlhene and aromatic 
HC gas-chromatography 
(GC)
Crude oil or EOM Gives types and quantities of longer 
chain HC. Indicates source, 
migration, maturation history, 
biodegradation
Pyrolysis gas-chroma- 
tography (Py-GC)
Whole rock or 
isolated kerogen
Gives types and quantities of HC 
produced during pyrolysis of 
kerogen at temperatures from 
300*0 to 600°C.
OIL-OIL AND OIL-
SOLFCE
CORRELATION
Gas chromatography- 
mass spectrometry (GC-
MS)
Crude oil or EOM Identifies specific compounds. 
Determines biomarkors 
(geochemical fossils) that can be 
used as definitive links of source 
rock to crude oil
C Isotopes Crude oil. EOM or 
isolated kerogen
Determines amount of 13C relative 
to 12C. Can provide supporting 
evidence lor correlations
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9Programmed pyrolysis is a rapid method of determining organic richness, source 
quality, and thermal maturity, because of the ease of sample preparation. Other techniques 
such as soxhlet extraction and kerogen isolation take more raw rock sample, time, and 
processing. For this reason, programmed pyrolysis is used to screen samples and identify 
organic-rich intervals of which more detailed (but time consuming and expensive) analyses 
can be made. Programmed pyrolysis simulates thermal maturation by heating the rock in 
the absence of oxygen (pyrolysis) and measuring the amounts of hydrocarbons 
(pyrolysate) and carbon dioxide produced by cracking of the kerogen in the rock (Espitalid, 
1974). Organic richness is determined by measuring the quantity of organic carbon (total 
organic carbon; TOC) in the sample (Figure IB). Source quality is related to the proportion 
of hydrogen and oxygen to carbon in the pyrolysate. The parameters hydrogen index (HI) 
and oxygen index (01) are plotted on a van Krevelen diagram (Figure 1C) to evaluate the 
hydrogen-richness of the OM.
Pyrolysis Tmax is determined during programmed pyrolysis analysis and corresponds 
to the analytic temperature at which the maximum quantity of pyrolysate is generated 
(Figure 1A and D; Table 1). Production index (PI) measures the relative quantities of 
volatile hydrocarbons versus the total amount of hydrocarbons produced, where the total 
includes both the volatile hydrocarbons (Si) (Figure 1A) and those generated by cracking 
of the kerogen (S2). PI is a measure of thermal maturity, but can also be used to evaluate 
the degree of contamination of well samples. Results of programmed pyrolysis (organic 
quantity: TOC; source quality: S2 , HI, 01; and thermal maturity: Tmax, PI) are fundamental 
analytical results that will be discussed in detail to describe the source potential of the 
Midway, Wilcox and lower Claiborne sample suite.
Visual examination of kerogen particles isolated from rock samples can determine the 
origin of many of the particles, and generalizations about the source quality can be made. 
Algal kerogen (liptinite and exinite) is the most lipid-rich, hydrogen-rich, kerogen type.
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Lipinite and exinite kerogens are the best source for crude oil (Miles, 1989). Herbaceous 
kerogen from plant cuticle and stem is rich in long-chain hydrocarbons, and is thus 
considered to be an important contributor for many waxy crude oils (Hedberg, 1968; 
Mukhopadhyay, 1989). Woody kerogen from higher plants is comparatively low in 
hydrogen relative to carbon. It is generally considered to be gas prone, not capable of 
generating significant quantities of crude oil. Carbon isotopic composition of kerogen can 
help determine the origin, but is also useful to correlate the kerogen with derived 
petroleum. Another measure of kerogen thermal maturity level is vitrinite reflectance (Ro), a 
measure of the logarithmic increase in reflectance in the coal particle, vitrinite, that occurs 
systematically with maturity level.
Pyrolysis gas chromatography (Py-GC) is an additional measure of source quality. 
Py-GC provides a more detailed record of the chemistry of the S i and S2 equivalent 
hydrocarbons generated during programmed pyrolysis. Relative quantities of light (<CiO) 
versus heavy (>Cpo) in the S2 equivalent preak indicate the amount of gas prone versus oil 
prone kerogens in the sample. Gas prone kerogens will produce more light hydrocarbons 
and oil prone kerogens will generate relatively heavier hydrocarbons. Py-GC is used in this 
report to identify samples whose kerogens generate petroleum-like gas chromatograms.
Many sediments contain liquid hydrocarbons trapped in their pores which can be 
removed using organic solvents (EOM). The source of the hydrocarbons can be from 
within the rock if it is a source rock. Or, it can be from migrated crude oils or drilling fluids 
as contaminants. Liquid hydrocarbons trapped in a sample are removed using organic 
solvents by soxhlet extraction. EOM is then subjected to an analytical procedure which 
utilizes many of the same analyses applied to crude oil samples. Analyses include bulk 
composition and C15+ saturate fraction composition by gas chromatography, biomarker 
analysis by gas chromatography-mass spectrometry (Table 1), and carbon isotope analysis. 
Similar EOM and crude oil geochemistries can suggest a positive oil-source correlation.
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EOM and crude oil can be grouped into families on the basis of similarities in 
quantities of specific compounds and whole oil compositions. Crude oil compositions 
depend greatly on original kerogen type, and are modified during maturation, migration, 
and biodegradation. The gas chromatogram can indicate which of these factors have 
influenced oil composition (Moldowan et al., 1985; Thompson and Kennicutt, 1990). In 
this study, specific compound ratios based on C15+ saturate fraction chromatography are 
used to compare EOM with crude oils. Gas chromatography of EOM also is used in this 
study to confirm the presence of samples contaminated by drilling fluids. Contamination of 
source rocks by migrating petroleum or by drilling fluids is indicated when thermal 
maturity parameters are not in agreement (Thompson and Kennicutt, 1990).
The relatively recent approach to crude oil and EOM analysis by gas chromatography- 
mass spectrometry (GC-MS) has expanded the use of biomarkers in correlation studies 
(e.g. Waples and Machihara, 1990; 1991). Biomarkers are geochemical fossils that are 
diagenetically altered fragments of the original OM from which a crude oil is derived. They 
can provide a direct, unequivocal link between a source rock and its crude oil. Steranes and 
triterpanes are two important biomarker classes which have been studied in the last few 
years. Variations in biomarker compound ratios appear to be related to differences in 
depositional environment and thermal maturity (e.g. Waples and Machihara, 1990; 1991. 
The steranes and triterpanes are saturated hydrocarbons with 22-35 carbon atoms, in 3-, 4-, 
or 5-ring structures. Steranes are studied using the mass/charge (m/z) 217 mass 
fragmentogram from GC-MS analysis, and triterpanes are studied using the m/z 191 mass 
fragmentogram. The triaromatic steroids (m/z 231) are used as thermal maturity indicators 
(e.g. Wenger et al., 1990).
Carbon isotopes are not reliable correlation parameters on their own, but are 
frequently used in correlation studies to support conclusions based on other results. 
Isotopes of crude oils are usually about 1 0 /0 0  isotopically lighter than the kerogens from
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which they are derived (Schoell, 1984; Miles, 1979). Biologic processes usually result in 
marine kerogens that are isotopically heavier than terrestrial kerogens by 2 to 3 o/oo 
(Schoell, 1984; Miles, 1979).
Controls on Source Rock Deposition
Factors governing organic character include: biologic productivity levels, oxygen 
content of the water column, especially bottom waters (Didyk et al., 1978), sedimentation 
rate, mode of sediment transport, mean grain size, and amounts and types of terrestrial and 
marine OM input (Jones, 1983, Mukhopadhyay et al., 1990). Probably the most 
fundamental requirement of deposition of high TOC, high HI rocks is high biologic 
productivity in the photic zone (Jones, 1983; Calvert and Pedersen, 1990), because high 
TOC sediments do not usually accumulate without a rich source of OM. High nutrient input 
is essential to the development of high levels of productivity. Nutrients can be supplied 
either by upwelling nutrient-rich waters, or by deltaic effluent which transports large 
amounts of detrital terrestrial OM to the marine shelf and slope (Muller and Suess, 1979). It 
can probably be assumed that the nutrient supply in the northern Gulf of Mexico was 
derived from deltaic effluent and not upwelling. Upwelling is most often associated with 
deposition of bedded phosphates (e.g. Pratt, 1984), a sediment type that has not been 
reported to occur in the northern Gulf of Mexico region.
Low oxygen conditions enhance OM preservation. Low oxygen conditions can arise 
because of poor water circulation (silled basins, restricted basins, Demaison and Moore, 
1980; intraslope basins, Bouma et al., 1978), or, high surface water productivity can create 
an oxygen minimum zone (OMZ) at intermediate depths (1640-5085 ft; 500-1550 m water 
depth) in a basin (Didyk et al., 1978; Jones, 1983; Dow, 1990) because oxygen is depleted 
by an excess of OM decaying as it falls through the water column. OMZs usually develop 
from intermediate depths up (Jones, 1983), but can extend to the bottom in shallow waters.
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During some transgressions, OMZs are thought to extend onto the shelf and cause low- 
oxygen conditions of wide regional extent (Didyk et al., 1978; Tissot, 1979; Demaison and 
Moore, 1980; Jones, 1983). Below the sediment-water interface, continental shelf 
sediments usually become reducing within a few centimeters no matter if the water column 
is oxic or anoxic (Haddad and Martens, 1987). This acts to preserve whatever OM is 
finally deposited and buried.
Although anoxic conditions are frequently considered as an essential requirement of 
organic-rich shale deposition (Demaison and Moore, 1980; Demaison, 1990), high TOC 
shales can also accumulate in an oxygenated water column under certain conditions (Didyk 
et al., 1979; Follmi and Grimm, 1990). Sedimentation rate must be at optimal levels and 
biologic productivity must be high for significant accumulation of OM in oxygenated 
waters (Stein, 1990). A positive correlation is usually observed between %TOC and 
sedimentation rate, as long as sedimentation is not so rapid that OM is diluted by clastic 
sediments (Muller and Suess, 1979; Calvert and Pedersen, 1990; Stein, 1990). A rapid, 
but not too rapid, sedimentation rate can bury OM below the sediment water interface and 
place it in the reducing zone before aerobic degradation occurs.
Sediment transport mode is important too. Gravity flow processes are more favorable 
than deposition by suspension through an oxygenated water column because the time of 
exposure to oxygenated waters can be reduced. Follmi and Grimm (1990) interpret 
interbedded laminated and burrowed shales to indicate mostly dysaerobic waters punctuated 
by short-lived intervals of oxygenation that may have been storm-induced. The 
sedimentation rate versus %TOC diagram of Stein (1990) (figure 2) demonstrates the 
importance of productivity and sedimentation rate for accumulation of high %TOC shale.
At low sedimentation rates, shales are extremely low TOC if deposited in oxic waters, and 
higher TOC if deposited in anoxic waters. High productivity is necessary for accumulation
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Figure 2. Crossplot of sedimentation rate versus TOC (from, Stein, 1990)
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of high TOC shales in either oxic or anoxic waters at high sedimentation rate. High 
productivity is usually associated with anoxicity.
In the marine environment, the upper slope is frequently cited as the most likely zone 
for source rock deposition (e.g. Rowe and Haedrich, 1979; Jones, 1983). Many features 
of continental slopes favor the accumulation of organic-rich sediments: high marine 
productivity, reducing bottom water conditions, quiet water, and intermediate 
sedimentation rates, greater abundance of marine-derived OM compared to terrestrially- 
derived OM deposited on the shelf (Dow, 1978). TOC values will generally be highest on 
the upper slope region no matter how oxygen-rich the sediments are because the slope has 
finer-grained sediments than the shelf, but has higher sedimentation rate than deeper in the 
basin (Jones, 1983). In this study, the shelf break is regarded as a physiographic province 
rather than an interface occurring at a specific water depth. The continental slope begins at 
the shelf break (150 to 1000 ft., 45-300 m) (Galloway and Hobday, 1979). Its geometry 
depends on tectonic setting, progradational history and erosional modification (Galloway 
and Hobday, 1979). Sand and coarser sediment are deposited by gravity mass transport 
and density flow processes. Coarsest sediment is deposited at the bottom of the sequence 
and in the topographically lowest areas of the sediment dispersal system. The upper slope 
is typically an area of sediment bypass, sand remobilization, and erosional and channel- 
cutting processes. With low terrigenous influx, sedimentation on the slope is dominated by 
traction current reworking of slope sediments and pelagic settling of low-density riverine 
muds and OM. The lower slope and basin are the main sites of sediment deposition 
(Galloway and Hobday, 1979).
Source rock deposition usually occurs on a global scale because the assemblage of 
conditions that are necessary usually occur as a result of paleoclimate and 
paleooceanography. The Plaleocene and Eocene sediment section records the change in 
climate from the Cretaceous "greenhouse" to an "icehouse," from 65 to 41 my ago
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(Oberhansli and Hsii, 1985). The earliest evidence for significant cooling (Coriiss and 
Keigwin, 1986), and polar ice cap formation (Zachos et al., 1989), is recognized during 
the early Oligocene. The change was episodic, characterized by short-lived periods of rapid 
cooling interspersed with longer-lived periods of stability (MacGowran, 1989). Thus, the 
Paleocene and Eocene are more similar climatically to the Cretaceous than any other 
Tertiary epoch (Rea et al., 1990).
The Paleogene was also marked by the change from the comparatively stagnant 
salinity-driven oceanic circulation of the Cretaceous to the more vigorous, thermohaline 
circulation system of the modem ocean by the late Eocene (Oberhansli and Hsii, 1985). 
Paleocene bottom waters were warm with little thermal variability. Early Eocene Atlantic 
bottom water was warm, saline, nutrient-poor, and oxygen-poor (Frakes, 1986). Short­
lived bottom-water cooling events occurred in the early Eocene, middle Eocene, and at the 
middle-late Eocene boundary. The late Eocene sedimentary section records the transition to 
a thermally stratified ocean as it is known today (Frakes, 1986).
South Louisiana Oil Source Rocks and Crude Oil Geochemistry
The origin of Gulf Coast oils and gases was the subject of a research conference in 
1988 that brought together geochemists and geologists from oil companies and universities. 
The conference provided an excellent forum to exchange data and ideas that heretofore had 
been locked in company research reports, or in the case of universities, limited in terms of 
access to oil and source rock samples. Several comprehensive reviews have since been 
published, and aspects of the source(s) of some northwestern Gulf of Mexico oils are now 
considered to be a matter of consensus (Bissada et al., 1990; Kennicutt et al., 1992).
Tertiary-reservoired oils in south Louisiana and much of offshore Louisiana are agreed to 
be derived from mature source rocks of marine clastic origin, and with a significant 
contribution of HC from OM of higher-plant origin (Sassen, 1990; Bissada et al., 1990;
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Price, 1991; Kennicutt et al., 1992). Most oils are slightly to severely affected by 
biodegradation, water washing, and evaporative fractionation (Thompson and Kennicutt,
1990). C15+ gas chromatograms, light HC analysis, and bulk parameters are therefore not 
as useful for comparison with source rock geochemistry as if the oils were unaltered. In 
addition, most of the published oil data parameters are not directly comparable to the 
present source rock data set, with the exception of some analyses reported by Walters and 
Cassa (1985), Walters and Dusang (1988), Requejo and Halpem (1990), Sassen (1990), 
and Wenger et al. (1990).
Three main models for petroleum sourcing of Cenozoic reservoirs in the central Gulf 
of Mexico region are summarized by Bissada et al. (1990) as the: I) associated Cenozoic 
source; II) disassociated Cenozoic source (intraslope basins); and III) disassociated pre- 
Neogene source (deep basinal). No organic-rich shales with appreciable hydrogen-rich 
kerogen have been reported from upper Tertiary sediments in south Louisiana or the 
Louisiana shelf (LaPlante, 1974; Hue and Hunt, 1980; Bayliss and Hart, 1981; Pasley et 
al., 1988; Bissada et al., 1990; Sassen, 1990; Taylor and Armentrout, 1990; Price, 1991). 
Nevertheless, Model I assumes the shear volume of Tertiary shales makes up for their 
extremely low TOC, low hydrogen character. Model I cannot, however, account for their 
thermal immaturity (Bayliss and Hart, 1981; Pasley et al., 1988; Sassen et al., 1988;
Taylor and Armentrout, 1990), nor the unlikelihood that adequate hydrocarbons were able 
to accumulate to form a migratory phase. Therefore, Model I is not considered to be viable 
(Sassen et al., 1988; Bissada et al., 1990). None of the Upper Tertiary-reservoired south 
Louisiana and Louisiana shelf oils are closely associated with organic-rich shales, thus, one 
of the disassociated models is preferred.
Model II invokes discrete, high TOC, high hydrogen shales deposited in anoxic 
intraslope basins of Tertiary to Quaternary age (e.g. Dow, 1984). This model is 
downgraded by Bissada et al. (1990) because of the abundance of low hydrogen OM in the
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only known present-day example of an anoxic intraslope basin in the Gulf (Orca Basin: 
Fang et al., 1989; Bissada et al., 1990). However, many of the DSDP samples examined 
by these authors were determined to be extrabasinal sediment, initially deposited in oxic 
waters on the continental shelf, which slumped into the basin (Bouma et al., 1978). Poor 
sample storage and consequent formation of humic acids by weathering processes (e.g. 
Leythauser, 1975) are likely to have further increased OI values. Nevertheless, Orca basin 
sediments were found to contain slightly elevated hydrogen levels compared to other DSDP 
Leg 96 samples of the Mississippi Fan (Fang, 1989). Model II may, however, be 
applicable only to Paleogene intraslope basins because of the thermally immature nature of 
younger shales. Pacht and Davis (1984) note the presence of a salinity-stratified anoxic 
basin in the middle Eocene Hedger Deep of Brazoria Co., Texas.
Model III calls upon the hydrocarbon generative potential of discrete high TOC, high 
hydrogen shales of Mesozoic and Paleogene age that are widely distributed across the 
region. In the study area, organic-rich Paleogene sediments (Chinn et al., 1988a; 1988b; 
Sassen et al., 1988b; Waters and Dusang, 1988; Sassen and Chinn, 1990; Price, 1991) and 
Upper Cretaceous Tuscaloosa sediments (Koons, 1974; Walters and Dusang, 1988; Sassen 
et al., 1988b; Price, 1991) have been recorded. Multiple lines of evidence, including bulk 
geochemistry, carbon isotopes, and geological relationships support Model III as a viable 
and defendable source rock scenario.
Biomarkers are the most important correlation tools for Lower Tertiary rocks and oils 
(Cole et al., 1990). They have been used to correlate Wilcox source rock EOM and Wilcox- 
reservoired crude oils in southeastern Louisiana (Walters and Dusang, 1988). The unusual 
biomarker 17a(H),18a(H),2ip(H)-28,30-bisnorhopane was noted in Wilcox-reservoired 
oils in Lockhart Crossing field, and also in Wilcox EOM from an organic-rich Lower 
Wilcox interval in Washington Parish, northeast of the present study area. This biomaiker 
is not present in more thermally mature condensates of Upper Cretaceous Tuscaloosa
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Formation reservoirs (Walters and Dusang, 1988). Additional biomarker evidence suggests 
that bisnorhopane, as well as the non-hopanoid triterpane biomarker, 18(a)-oleanane, are 
diagnostic of Lower Tertiary-sourced oils in Lower to Upper Tertiary reservoired oils from 
Louisiana and Mississippi (Cole et al., 1990; Wenger et al., 1990; Sassen, 1990). In 
Mesozoic sourced crude oils, oleanane is absent or in very low quantities relative to C30 
hopane (Wenger et al.,1990), and bisnorhopane is not present in quantities approaching 
those o f the Tertiary-reservoired oils (Cole et al., 1990; Wenger et al.,1990).
The geochemistry of the crude oils themselves can be used to characterize the source 
rocks, and by analogy, their depositional conditions. This is particularly useful in south 
Louisiana and offshore Louisiana where source rock samples are not adjacent to the 
reservoirs. During the last decade, detailed geochemical analysis of produced crude oils has 
allowed researchers to group Gulf of Mexico crude oils into genetic families that are in turn 
believed to be related to specific source rocks, or possibly, several source rock intervals of 
different ages. Detailed carbon isotope and biomarker analysis can differentiate between 
Mesozoic and Tertiary sourced oils in south Louisiana and Mississippi (Sassen and Moore, 
1988; Walters and Dusang, 1988; Wenger et al., 1990). The available geochemical data 
suggests that crude oils in Upper Tertiary reservoirs in the Louisiana coastal region may be 
vertically separated by as much as 30000 ft of sediment from the source rock(s) (Bissada et 
al., 1990; Price, 1990; Kennicutt, 1992).
Regional biomarker and carbon isotope distribution patterns were noted by Wenger et 
al. (1990) and used by Sassen (1990) to divide Wilcox-reservoired crude oils in south 
Louisiana and southwest Mississippi into subfamilies. The subfamilies of Wilcox source 
rocks in Louisiana are in turn interpreted to represent regional organic facies variations 
(e.g. Jones, 1987). Wilcox subfamily I crude oils in southwest Mississippi and eastern 
south Louisiana are characterized by strong dominance of the bisnorhopane biomarker 
relative to the oleanane biomarker (Sassen, 1990; Wenger et al., 1990). Wilcox subfamily
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II crude oils in southwest Louisiana contain more oleanane relative to bisnorhopane than 
Wilcox I subfamily oils (Sassen, 1990; Wenger et al., 1990). C15+ compositions, 
biomarker ratios, and carbon isotope values collectively suggest that Wilcox subfamily II 
oils are derived from mixed marine algal and higher plant kerogens whereas Wilcox 
subfamily I oils are characterized by significant bacterial contribution as well. A Wilcox 
sub-family I and sub-family II mixture is invoked to explain Upper Tertiary oils with 
biomarker values between the two Wilcox end members (Sassen, 1990).
Migration Routes and Pathways
Present-day fluid movement in the south Louisiana salt basin occurs vertically and 
laterally, up and out of the basin as deeply buried sediments compact and fluids are forced 
out (Hanor and Sassen, 1990). Newly expelled petroleum initially migrates into migration 
conduits from thermally mature source rocks. Migration conduits can be relatively 
permeable sands and silts within the deltaic system, or, can occur in association with 
piercement salt domes and deep faults (Hanor and Sassen, 1990). Hydrocarbon migration 
occurs laterally across faults and through relatively permeable sandstone and siltstone 
layers for distances on the order of feet to tens of miles or more (meters to tens of km) 
(Hanor and Sassen, 1990; Allen, 1990). In unfaulted areas of the upper Louisiana coast, 
relatively impermeable marine shales and marls were recognized long ago to have been 
effective barriers to vertical hydrocarbon migration (Bomhauser, 1950). The impermeable 
layers aid in the lateral conduction of petroleum fluids through the relatively permeable 
sandstones and siltstones that act as long-range migration conduits (Bomhauser, 1950; 
Sassen et al., 1988; Sassen, 1990; Hanor and Sassen, 1990).
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GEOLOGIC SETTING
Bulk shale samples examined for this study are from 32 wells that penetrated 
sediments o f the Lower Tertiary Midway Group, Wilcox Group, and lower part of the 
Claiborne Group (Figure 3) in south Louisiana. In addition, analytical results for 17 Upper 
Cretaceous samples from 2  of the study wells are also presented. The wells extend 200 
miles (320 km) along strike across the state from east to west All of the samples represent 
marine environments, and were deposited in inner neritic to upper bathyal water depths, 1- 
15 miles (1.6-24 km) north of the south Louisiana salt basin. All samples are from south of 
the Upper Cretaceous shelf edge (Figure 3), which trends roughly east-west and occurs 
between 11000-12000 ft (3353-3658 m) subsurface depth in Louisiana.
About 80 miles (130 km) north of the central part of the study area is the LaSalle 
Arch, believed to be a buried anticlinal nose of the Ouachita fold belt that has remained a 
positive feature since the Paleozoic (Lawless and Hart, 1991). Two hundred miles (320 
km) northwest, the Sabine Uplift was a stable platform during most of the Lower Tertiary'. 
East of the study area, in extreme southwest Mississippi and southeastern Louisiana, the 
Hancock High extension of the Wiggins Arch (Southwest Mississippi Posiment of Dixon, 
1965) received little sediment during the early Cenozoic.
Wilcox and Midway sediments in the easternmost and westernmost parts of the study 
area developed a stable shelf (Lowry, 1988; cf. Winker and Edwards, 1983). South of the 
LaSalle Arch, central Louisiana was characterized by greater structural instability, including 
growth faulting and incipient salt dome diapirism (Figure 3). The shale-filled, middle 
Wilcox Sl Landry Canyon occurs within the unstable shelf region (McCullogh and 
Eversull, 1987), just east of the northern extension of the salt basin (Figure 3).
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Figure 3. Structural elements of subsurface Louisiana and vicinity
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Sedimentation in Louisiana during the Tertiary is noted for its cyclic nature 
(Bomhauser, 1960; Dixon, 1965). Paleocene through lower Miocene depositional cycles in 
the Louisiana subsurface broadly consist of a thick regressive fluvio-deltaic progradational 
wedges of marine shales grading upward to continental deposits, and a thinner, overlying 
transgressive shale or calcareous marl (Dixon, 1965). Each wedge was deposited 
progressively further to the south and east with time (Rainwater, 1964; Woodbury, 1967). 
Sand-shale ratios decrease from proximal to distal positions within each wedge. The area of 
thickest sedimentation, the "depocenter," consists mostly of shale, and occurs in front of 
the advancing deltas (Dixon, 1965; Winker and Edwards, 1983; Lemoine, 1988). The 
Tertiary progradational wedges each had shore-parallel flexure zones of growth faulting ' 
coincident with the ancient shelf/slope break (Winker and Edwards, 1983). Samples 
examined for this study were deposited in the vicinity of the Tepetate Fault Zone, 
considered to be the area of the Paleocene-Eocene paleoshelf edge (Winker and Edwards, 
1983; Lowry, 1988; Tye et al., 1990). The present study reports on samples from the first 
two major post-Cretaceous depositional cycles into the northwest Gulf of Mexico basin: the 
Midway-Wilcox cycle and the Cane River-Sparta cycle (Figure 4). For this study, structure 
and isopach maps for the Wilcox Group and the lower Claiborne Group w’ere constructed 
using Louisiana Geological Survey cross sections based on well logs, and BP Exploration 
seismic lines (7 and 10 sec. penetration) to the south, beyond the limit of well control 
(Figure 5).
The recent literature incorporates sequence stratigraphic interpretations based on 
outcrop sections in Mississippi and Alabama where the Paleogene was deposited on a more 
stable shelf (Baum and Vail, 1988; Mancini and Tew, 1989) relative to the rapidly 
subsiding South Louisiana Salt Basin. In Louisiana, sequence stratigraphic interpretations
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Figure 5. Location map of well-log cross sections and seismic lines
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are limited to descriptions in comparatively shallow subsurface sections (e.g. Lawless and 
Hart, 1991) where the Wilcox section includes fluvial and delta plain sediments.
Overview—Midway and Wilcox Groups
Cenozoic sedimentation in the Gulf of Mexico Basin was initiated by deposition of 
the Paleocene Midway Group (Cushman, 1951; Murray, 1961; Mancini and Tew, 1989). 
In the eastern part of the study area, the Midway Group consists of a thin (50-80 ft; 15-24 
m) basal calcareous clay-maii (Clayton Formation) overlain by dark gray marine shale 
(Porters Creek Formation) which ranges in thickness from 890-1160 ft (271-354 m) 
(Howe, 1962). The Midway Group is observed to become less calcareous and thicken to 
greater than 2000 ft (610 m) across the study area to the west (Howe, 1962). Midway 
samples examined for this study are from the lowermost Midway Group in Beauregard 
Parish in western Louisiana, and from Livingston Parish in eastern Louisiana. Several 
hundred feet of Upper Cretaceous section also were sampled at these locations. Upper 
Midway shales transitional to Lower Wilcox shales were sampled from Allen Parish in 
western Louisiana and from northern St. Landry Parish in central Louisiana
Figure 6A is a "snapshot" of Midway (Porters Creek) depositional environments 
(Mann and Thomas, 1968) showing deposition in inner to outer neritic water depths in 
front of a deltaic system located in northeast Louisiana The main depocenter of Midway 
sediments was the actively subsiding Mississippi Embayment (Rainwater, 1961; Mancini 
and Tew, 1989; Goldthwaite, 1991). According to Mancini and Tew (1989), deposition of 
Porters Creek shales into this part of the Louisiana salt basin was controlled by a sharp 
density gradient caused by salinity stratification in the basin. Basin depths were estimated 
to be 2500 ft (762 m) in the vicinity o f Lake Borgne, Louisiana, at the beginning of the 
Tertiary (Goldthwaite, 1991). Goldthwaite notes the lack of a Lower Tertiary section 
between Upper Cretaceous interbedded volcaniclastics and fringing reef sediments, and
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
27
DEPOSITIONAL ENVIRONMENTS
Midway
Lower Wilcox Wilcox Top
5000
10000 t 1 
“ ■15000-
20000 -
25000
>30000
C Middle and  Upper Wilcox E Wilcox and Midway Isopach
Figure 6 . Midway andWilcox Group depositional environments, structure top, 
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Oligocene Heterostegina limestone beds. In a nearby well, 2500 ft (762 m) of Lower 
Tertiary marine shales are present between the Cretaceous and Oligocene sediments.
Midway Group outcrops in southwestern Alabama represent the easternmost fringes 
o f deltaic deposition in the Louisiana salt basin during the Paleocene. Based on southern 
Alabama outcrop section, the lowermost Tertiary Clayton Formation represents lowstand 
shelf, transgressive and condensed section portions of a Type I depositional sequence 
(Mancini and Tew, 1989). In Louisiana, this stage is represented in part by the 50-80 ft 
(15-24 m) thick calcareous shale occurring just above the Cretaceous boundary, and a 
poorly defined portion of the overlying shales. The Porters Creek Formation is interpreted 
to be the progradational, regressive highstand deposits o f the Type I depositional sequence 
(Mancini and Tew, 1989). Like those in Louisiana, Porters Creek sediments in 
southwestern Alabama are unfossiliferous, carbonaceous black shales interpreted to have 
been deposited in the prodelta environment Most of the Porters Creek sediments 
immediately below the Wilcox arenaceous fades are probably prodelta shales assodated 
with the advancing Wilcox deltas, but are generally assigned to the Midway Group because 
of their argillaceous character (Dixon, 1965).
Overlying the Midway Group is the Wilcox Group ( l o w e r  Eocene-Paleocene), the 
first major sandy progradational episode into the Gulf o f Mexico during the Tertiary 
(Murray, 1961; Fisher and McGowan, 1967; Galloway, 1968; Lowry et al., 1987). 
Traditionally, subsurface workers in Louisiana have picked the Midway-Wilcox boundary 
on a lithologic basis at the base o f the deepest significant Wilcox sand. Chosen this way, 
the Midway-Wilcox boundary is widely recognized to be time-transgressive (Murray,
1961; Tye et al., 1991). The Wilcox Group in the south Louisiana subsurface consists of 
interbedded sands, shales, carbonaceous shales, lignites, and a few thin limestones (in the 
east only), deposited in deltaic to shelfal depositional environments. Wilcox sandstones are 
in part carbonaceous, micaceous, calcareous, and glauconitic.
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The Wilcox Group in south Louisiana was divided into Lower Wilcox (Figure 6B) 
and Upper Wilcox (Figure 6 C) members (Galloway, 1968) with a regionally extensive 
marine transgressive shale (the "Big" shale) acting as the boundary. The Big Shale is 
recognized as die terminal valley-filling shale of the middle Wilcox St. Landry Canyon 
(McCullogh and Eversull, 1986). In the study area, the Big Shale occurs 1500-2500 ft 
(457-762 m) below the top of the Wilcox. Lawless and Hart (1991) determined that the 
Wilcox and Midway can be divided into three genetic sequences (c.f. Galloway, 1989) 
bounded above and below by regionally correlative maximum flooding surfaces, updip o f 
the study area in central Louisiana. The genetic sequences (T i, T2 , and T3) consist of 
highstand, lowstand, and transgressive deposits corresponding to progradation during the 
Midway, Lower Wilcox, and Upper Wilcox. Maximum flooding surfaces dividing the 
Midway and Wilcox correspond to an unnamed shale member between the Midway and 
Lower Wilcox; the Big Shale, between the Lower and Upper W ilcox, and the Canizo, 
between the top o f the Wilcox and the base of the Claiborne Group. Midway (Ti) and 
Upper Wilcox (T3) were wave-dominated, destructive deltas, and the Lower Wilcox Holly 
Springs delta (T2) was a constructive, fluvial-dominated delta (Galloway, 1968; Dingus 
and Galloway, 1990). Middle Wilcox paralic environments were retrogradational strand 
plains in central Louisiana, north o f the study area (Dingus and Galloway, 1990). 
Recognition of Lawless and Hart's (1991) unnamed shale member was not possible in the 
study area, so the Midway is defined on a lithologic basis, at the base of the deepest 
significant Wilcox sand for wells in this study that penetrate i t  The stratigraphy of most 
samples examined for this study is less subjective, and easily determined because of 
proximity to prominent stratigraphic boundaries such as Upper Cretaceous-Midway or 
Wilcox-lower Claiborne.
A structure map on the top of the Wilcox (Figure 6D) and a Wilcox plus Midway 
Group isopach map (Figure 6 E) were constructed from sections based on well log
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information for the region north of the 15000' (4572 m) contour (Bebout and Gutierrez, 
1982; 1983), and from seismic sections (BP Exploration, Houston) for regions south of 
the 15000' (4572 m) contour (Figure 5). Seismic resolution was not adequate to define 
Wilcox Group thicknesses in the region south of the 15000' (4572 m) contour. The Wilcox 
Group in south Louisiana is buried to 5000-7000 ft (1524-2134 m) in the region o f the 
Cretaceous shelf margin (Figure 6D). About fifty miles to the south, the top of the Wilcox 
rapidly plunges to depths greater than 15000 ft (4572 m) within the Eocene shelf margin 
fault zone (Tepetate Fault Zone). Wilcox samples from southern Beauregard, Allen, Pointe 
Coupee, West Baton Rouge, and central eastern Livingston Parishes were deposited within 
the Tepetate fault zone. Samples from northern Beauregard, northern S t Landry, and 
northern Livingston Parishes were deposited 2-10 miles (3.2-16 km) north o f the Tepetate 
fault zone. Downdip, seismic interpretation indicates that the Wilcox Group top occurs at 
depths greater than 30000 ft (9144 m) below Louisiana's present-day shoreline and 
offshore. Onshore, it is buried to greater than 30000 ft (9144 m) in the vicinity o f Calcasieu 
Lake, Terrebonne Parish, and the modern-day birdsfoot delta, but shallows to about 20000 
ft (6096 m) in the rest of south Louisiana. Because of the large size o f the seismic grid used 
to construct the structure and isopach maps, many more details, including salt domes, 
down-faulted blocks and shale diapirs, were impossible to depict on the maps and figures 
prepared for this project. If available, these details would be useful to further define basin 
topography downdip, in the region conjectured to be the area o f best source potential.
There is strong sedimentoiogical evidence that subaqueous salt dome highs, and 
therefore, intradomal basins were well developed as early as the early Eocene in Evangeline 
and St. Landry Parishes (Dixon, 1965). It is probable that some slope irregularities related 
to salt movement (and possibly, isolated anoxic basins) were present on the outer shelf and 
slope of south Louisiana during the Lower Tertiary. Salt pillow formation was recognized 
as early as during Lower Wilcox deposition in the Katy area, Houston diapir province,
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downdip o f the Cretaceous reef trend (Ewing, 1983). The Lower Wilcox Rockdale delta 
prograded oyer salt pillows and created a linear shelf-edge fault trend above and seaward of 
the pillows.
According to the isopach maps, the Wilcox and Midway Groups thicken basinward 
from approximately 3,500 ft (1067 m) to greater than 5,000 ft (1524 m) south o f the shelf 
margin fault zone (Figure 6 E). The main Louisiana Wilcox depocenter presumably 
continues to thicken for some distance in a distal direction, then thins further into the 
ancient Gulf of Mexico basin. Wilcox and Midway Group clastic sediments are thin to 
absent northeast o f the modem birdsfoot delta and above the Hancock High, in Texas, the 
Wilcox interval is up to 12,000 ft (3658 m) thick due to the larger size o f the Upper Wilcox 
Rockdale Delta in eastern Texas compared to the Lower Wilcox Holly Springs Delta of the 
Mississippi Embayment (Dingus and Galloway, 1990). In southwest Louisiana, distal 
arenaceous facies of the Lower Wilcox Rosedale deltaic system of Texas interfinger with 
comparatively minor arenaceous facies o f the central Louisiana Holly Springs Delta (Dixon, 
1965, Dingus and Galloway, 1990; Tye et al., 1991).
Between major early Tertiary deltaic pulses, carbonate sedimentation occurred east 
and north of the study area adjacent to the Hancock High, over the Jackson Dome, and in 
the vicinity o f the Monroe-Sharkey Uplift (Coleman, 1983). Incipient salt dome 
development apparently was responsible for carbonate buildups on salt domes in Rapides, 
St. Landry and Evangeline Parishes during lower Claiborne deposition in the early middle 
Eocene, but apparently not earlier in the Tertiary. Salt dome development is centered 
primarily in Evangeline and St. Landry Parishes (Worrall and Snelson, 1989), within 
Lowry's (1988) zone of shelf instability. The Paleogene carbonate build-ups are mainly 
shallow water foraminiferal mounds rather than coral reefs (Coleman, 1983; Nunn, 1986). 
Clayton Formation (Midway) limestones are missing on the Wiggins Arch, but are present 
on Jackson Dome and Monroe-Sharkey Uplift (Coleman, 1983), and in southern Alabama
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(Mancini and Tew, 1989). The Lower Wilcox Salt Mountain Limestone o f western 
Alabama to eastern Louisiana is a coralline grainstone (Toulmin, 1940; Howe, 1962; 
Coleman, 1983) with echinoids and Discocyclina foraminifera (Coleman, 1983). No lower 
Claiborne carbonate buildups are reported in the literature (Coleman, 1983), except for a 
coralline facies on Krotz Springs dome, southern Pointe Coupee Parish (Lemoine, 1989).
Winker and Edwards (1983) used the Midway-Wilcox cycle to describe the 
development o f an unstable progradational shelf margin in three stages: (1) The stable 
phase is characterized by preservation of clinofonns (Midway Group); (2) The initiation 
phase is characterized by closely and evenly-spaced regional growth faulting without 
diapirs on the upper slope (Lower Wilcox Group). On the lower slope, the initiation phase 
has thrust faults or domes cored by salt or shale that form as compressional structures at the 
toe o f a localized growth fault zone (Winker and Edwards, 1983). Therefore, during the 
initiation phase, both the upper and lower slope regions could be characterized by surface 
irregularities, bounded by faults on the upper slope, and by domal structures on the lower 
slope; (3) Diapir override phase (Upper Wilcox and later cycles) occurs when the shelf 
margin progrades over shale or salt domes formed during initiation phase.
Overview—Lower Claiborne
The Claiborne Group in subsurface Louisiana consists of four lithologic units (Figure 
7) that make up two complete transgressive-regressive cycles in Louisiana: the upper and 
lower Claiborne (Bomhauser, 1950; Murray, 1961; Howe, 1962; Dixon, 1965). Samples 
examined for this study were from the lower Claiborne Cane River and Sparta Formations. 
The Cane River Formation overlies the Wilcox Group and consists of transgressive marl 
followed by inundative marine shale (Howe, 1962; Dixon, 1965). Regressive lower Sparta 
Formation prodelta shales overlie Cane River Formation marine shales, and are in turn 
overlain by upper Sparta Formation deltaic sands. On well logs, transgressive Cane River
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Figure 7. Lower Claiborne Group depositional environments, structure top, isopach, and 
percent shales maps
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shales are transitional to regressive Sparta shales. The Upper Claiborne Group represents a 
second cycle of transgression and regression comprised of Cook Mountain transgressive 
marls and marine shales overlain by regressive shale and sands o f the Cockfield Formation 
(Dixon, 1965). The two Claiborne transgressive-regressive cycles correspond to two Type 
I depositional sequences in the nomenclature of Van Wagoner et al.(1987). In Texas, the 
lower Claiborne consists o f two depositional cycles: Reklaw-Queen City, and Weches- 
Sparta (Ricoy and Brown, 1977). Similarly, in central Mississippi, two depositional cycles 
are recognized in the lower Claiborne: Basic City Shale-Tallahatta Delta, and Winona- 
Zilpha-Sparta (ODonnell, 1975).
For this study, structure and isopach maps for the lower Claiborne Group were 
constructed using Louisiana Geological Survey cross sections based on well logs, and BP 
Exploration seismic lines (7 and 10 sec. penetration) to the south, beyond the limit o f well 
control (Figure 5). The top of the lower Claiborne occurs at a depth of approximately 4500 
to 6500 ft (1372-1981 m) in the vicinity o f the Cretaceous shelf edge. Within the southern 
Tepetate Fault Zone, the top of the lower Claiborne rapidly deepens basinward from 12500 
ft to 17500 ft (3810-5334 m) (Figure 7A). Based on the isopach map (Figure 7B), the 
major lower Claiborne depocenter is in west central Louisiana where it rapidly thickens 
from 2000 to 3000 ft (610-914 m) within 25 miles (40 km) from north to south. To the 
east, the Hancock High remained a positive feature where lower Claiborne sediments attain 
only 250 ft (76 m) in thickness near the Louisiana-Mississippi border, and are altogether 
absent north of the modern-day birdsfoot delta.
A paleogeographic "snapshot" of Sparta Formation depositional environments is 
shown in Figure 7C. Overall, the Sparta is thinner and generally shalier than the Wilcox 
(Lemoine, 1989), representing a pulse o f significant fluvio-deltaic sedimentation that does 
not have the sediment volume achieved during Wilcox and Midway deposition. The main 
Sparta depocenter is in south-central Louisiana (Dixon, 1965). The trend of increased shale
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content basinward and westward across southern Louisiana was recognized and 
documented by Lemoine (1989) (Figure 7D). Western sediment source areas were either 
too far away or not as sediment-rich as the source in the Mississippi embayment The 
samples examined were deposited about 8  miles (13 km) south o f the southernmost extent 
o f Sparta deltaic facies (Lemoine, 1989). Most o f the analyzed Sparta Formation samples 
are continental shelf and lagoonal shales bounding shelf-edge sands in southern Pointe 
Coupee and S t Landry Parishes. Uppermost Sparta shales from southern S t Landry 
Parish were deposited in more proximal bay environments. Lower Claiborne samples from 
northern and central St. Landry Parish are from more proximal positions adjacent to the 
deltaic lobes and mostly represent prodelta shales, but include transgressive facies o f the 
Cane River Formation.
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EXPERIMENTAL METHODS
Rock Samples
Table 2 lists the wells, and the stratigraphic units from which bulk rock samples were 
collected and analyzed for this study. Well locations in southern Louisiana are shown in 
Figure 8 . Bulk rock samples from both conventional core and drill cuttings were used for 
this study. The seventeen wells with conventional core provided shale samples from 1 ft 
(0.30 m) to a maximum of 500 ft (152 m) intervals. In contrast, the nine wells from which 
only cuttings samples were recovered provide samples from intervals of 760 ft (232 m) to 
more than 7600 ft (2316 m). Approximate stratigraphic sampling intervals are shown in 
Figure 9.
Normally, cores are the preferred source for bulk source rock samples, because o f the 
many problems associated with the use of drill cuttings, including caving from overlying 
units and contamination from drilling additives. However, because reservoir sandstones are 
the usual target o f conventional cores, thick sequences o f shale are typically not available in 
core. Fortunately for a study like this one, there are distinct advantages to using drill 
cuttings. Much better coverage of thick shaley facies is provided and a more complete 
picture of trends in organic character and thermal maturity are revealed. In this study, 
caving is assumed to have occurred when only cuttings are available, and analytical results 
from cuttings are believed to represent analysis of samples from at least 30 ft to as many as 
several hundred ft o f overlying shale. TOC, HI, and other programmed pyrolysis 
parameters are generally low, and have a more limited range, in cuttings samples compared 
to core samples. No well was sampled by both cuttings and core, thus, no direct 
comparison of cuttings and core was possible. In this study, wells with cuttings with the 
smallest sampling intervals (30-60 ft) show distinct trends and are thought to provide the 
most reliable results, although not with the range observed in core samples.
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Tabte 2: Wed Sample Information
No. of Samples
CODE API NO. Operator Lease Sec Twn Rng Parish ST Field TD Sample Rnq *LC WX M3 UK Tot
SRL 1701120412 Martin 1 Sabine River Lmbr 16 4S 12W Beauregard LA Alligator Lake (DAA) 21071 9290-13990 10 28 38
ABS 1701120223 Arco/Sohk) C-1 Boise-Sou them 4 7S 12W Beauregard LA Fields (DAA) 15230 13300-15160 16 16
MRL 1700300239 Magnolia D-1 Rag ley Lumber 29 5S 7W Allen LA Hurricane Crk (DAA) 18660 10648-15950 79 24 103
AM 1700320315 Am ooo 1 Marcantsl Farms 10 6S 5W Allen LA S. Harmony Church 14500 12630-14435 91 91
AB 1700320340 Amoco 1 J. A. Bel Estate 15 6S 4W Allen LA Oberiln (SE) 16000 12560-15400 66 66
MEc 1709720596 Martin 1 Echart 40 4S 4E SL Landry LA Washington (DAA) 25071 9510-15630 19 72 8 99
SM 1709720631 Martin 1 R. O. Martin 32 3S 6E SL Landry LA Mona lei 21081 9000-16620 32 149 39 220
SW 1709720499 Shell 2 Wolfe 13 3S 7E SL Landry LA Elba 15707 13357-13656 15 15
0*CB 1709720627 Sun 1 2 O'clock Bayou 23 6S 6E St. Landry LA Krotz Springs 15481 11413-11637 33 33
CWD 1707720384 Clayton Wms 1 S. Dreyfus 31 6S 8E Pte. Coupee LA Fordoche 11480 11133-11180 23 23
CWQ 1707720386 Clayton Wms 1 J. Green 28 6S 8E Pte. Coupee LA Fordoche 11600 11416-11526 40 40
CWJ 1707720399 Clayton Wms 2 D. Jones 35 6S 7E Pte. Coupee LA Lottie 11608 11419-11466 32 32
SLNB 1707700350 Sun 1 La Natl Bank 33 6S 8E Pte. Coupee LA Fordoche 14100 11600-11659 35 35
TD 1707720166 Texaco B Duckworth 86 6S 8E Pte. Coupee LA Bayou White (DAA) 12000 11579-11985 12 12
TK 1707700312 Texaco 1 W. R. Kramer 81 5S 8E Pte. Coupee LA Bayou Fordoche (DSA) 12527 11582-11602 4 4
TR 1707720261 Texaco 5 J. R. Reuter 30 5S 8E Pte. Coupee LA Bayou Fordoche 12000 11601 1 1
SSS 1707720132 Sun 8 N. Smith Jr. 41 6S 8E Pte. Coupee LA Fordoche 13810 13128-13641 32 32
SBB 1707720060 Sun 5 Bom or Blanks 43 6S 8E Pte. Coupee LA Fordoche 14200 13223-13289 3 3
SEP 1707720140 Sun 7 Eldorado Planfn 110 6S 9E Pte. Coupee LA Fordoche 14300 13287-13769 2 2
S2S 1707720009 Sun 2 N. Smith Jr. 41 6S 8E Pte. Coupee LA Fordoche 16000 13753-13872 16 16
TH 1707720166 Texaco 8 Holloway Plnrg 112 6S 9E Pte. Coupee LA Fordoche 14000 13770 1 1
MK 1707720358 Murexco 1 Kimball 20 6S 10E Pte. Coupee LA Livonia 14650 14218-14276 14 14
AW 1712120168 Amoco 1 A. Wilbert & Sons 4 6S 11E W. Baton Rouge LA 14700 12519-12972 24 24
ME 1706320035 Martin 1 Easterly 38 5S 3E Livings ton LA DAA 16178 12210-14340 32 32
MS 1706320041 Martin 1 W. H. Smith 60 5S 3E Livingston LA DAA 16547 12500-13700 18 18
MGP 1706320049 Martin 1 Georgia Padflc 37 5S 3E Livingston LA DAA 15850 12600-13360 13 13
2CZ 1706320034 Soli to 2 Crown Zellerbach 19 6S 5E Livings ton LA DAA 17929 13090-14240 9 9
B1CZ 1706320037 Sohlo B-1 Crown Zellerbach 31 6S 6E Livingston LA DAA 17000 13170-14070 7 7
FM 1706320107 Franks 1 Morrison 21 6S 3E Livingston LA Lockhart Crossing 10600 10162-10252 6 6
CT 1706320077 Callon 1 A. H. Thom 16 6S 3E Livings ton LA Lockhart Crossing 12300 10199-10252 9 9
CE 1706320073 Cation 1 Reed Erickson 16 6S 3E Livingston LA Lockhart Crossing 10921 10200 2 2
ABH 1706320123 Amoco 4 Barnett Heirs 20 6S 3E Livings ton LA Lockhart Crossing 19002 13316-13370 17 17
• LC -  LOWER CLAIBORNE MD-MIDWAY TOTAL: 214 720 09 1112
WX -  WILCOX (MAY INCLUDE MIDWAY IN UNDIFFERENTIATED SECTIONS) UK -  UPPER CRETACEOUS
U>
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Core samples were taken from the center of the core when possible and cleaned prior 
to analysis with a wire brush. Visible drilling additives (walnut shells and other debris) 
were removed from cuttings samples. Although contamination can be a problem with drill 
cuttings samples or poorly prepared core samples, the effects are apparent as anomalous 
programmed pyrolysis Tmax» S i, and S1/S 1+S2  measurements (Peters, 1986), and can be 
confirmed by extraction and gas chromatography. Contamination effects were rarely 
observed in the samples considered in this study.
Analytical Techniques
The analytical procedures employed for this study are intended to determine the 
quantity o f OM in Midway, Wilcox and lower Claiborne Group shales; determine their 
potential to generate liquid petroleum; characterize the geochemistry o f the liquid petroleum 
generated by the shales; and ascertain their present day thermal maturity level. Geochemical 
data assembled were gathered at Basin Research Institute (BRI), LSU-Baton Rouge; BP 
Research Laboratory, Houston; Geochem Laboratories, Dallas; Mobil Research 
Laboratories, Dallas; and Exxon Production Research (EPR), Houston. The organic 
geochemical data used in this study are undoubtedly affected somewhat by uncertainties as 
a result of analysis at different laboratories, as described by Dembicki (1984) and Magoon 
and Claypool (1985) for other data sets. Nevertheless, the available geochemical data sets 
are generally consistent with one another—with a few notable exceptions to be discussed in 
detail later. The data usually follow regional trends that are similar to those observed in 
published data for other published source rock data, as well as the proposed Lower 
Tertiary-derived oils, suggesting they are reliable enough to be compared to other published 
data.
All shale samples were initially screened using programmed pyrolysis to determine 
gross organic geochemical properties. Programmed pyrolysis data resulted in identification
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of specific organic-rich intervals in the sample suite from which organic-rich samples were 
chosen for more detailed geochemical and visual characterization of their OM content 
Some of the organic-rich rock samples were subjected to pyrolysis gas chromatography to 
more fully characterize the type of hydrocarbons produced during pyrolysis. Kerogen was 
isolated from other samples and was examined microscopically to determine the makeup of 
the kerogen assemblage and vitrinite reflectance (Gregory et al., 1991; Sassen, 1990). The 
stable carbon isotope composition of the kerogen isolate was also determined (Sassen, 
1990). Other organic-rich samples and sample splits were subjected to extraction o f soluble 
OM using organic solvents to yield the EOM. The EOM was then subjected to gas 
chromatography to determine bulk geochemistry; gas chromatography-mass spectrometry 
to determine biomarker composition, and stable carbon isotope analysis. These results can 
be compared to crude oils in south Louisiana that were also subjected to gas 
chromatography, gas chromatography-mass spectrometry, and carbon isotope analysis, 
and can be used to examine the possibility of an oil-source correlation if  geochemical 
similarities exist between the EOM and crude oil samples.
Programmed Pyrolysis
Each bulk rock sample was analyzed by temperature-programmed pyrolysis using a 
Rock-Eval II with TOC module to assess the organic richness, hydrocarbon producing 
capacity, and thermal maturity o f the kerogen in the rock. A detailed description o f the 
Rock-Eval analytical procedure and theory is outlined by Espitali6  et al. (1979). Peters 
(1986) discussed problems and caveats of programmed pyrolysis data, and Katz (1983) 
examined the effect of the mineral matrix on programmed pyrolysis results. Programmed 
pyrolysis simulates the natural maturation process by rapidly heating the rock to 600°C in 
the absence of oxygen (pyrolysis). During analysis, the amounts o f hydrocarbons (HC) 
and carbon dioxide (CO2) produced by thermally-induced cracking of the kerogen in the 
rock are measured and recorded. Volatile hydrocarbons produced by thermal distallation at
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300°C are reported as Si in mg HC/g rock; hydrocarbons generated from thermal cracking 
of kerogen between 300-600°C and reported as S2 in mg HC/g rock (Figure 1A). Si is 
usually equated to liquid hydrocarbons that have been generated, but remain in the rock, 
and S2 represents remaining liquid hydrocarbon generative potential. S3 and S4  represent 
the total CO2 produced during the pyrolysis and combustion cycles in the Rock-Eval, and 
are reported as mg C0 2 /g rock. Total amounts of HC (from Si and S2), and CO2 (S4  only) 
produced during analysis are summed to determine the organic richness of the sample 
reported as Total Organic Carbon (TOC).
The amounts of HC and CO2 produced during pyrolysis relative to TOC can be 
plotted to characterize the liquid hydrocarbon producing capability of a kerogen sample. 
Hydrogen index (HI) is reported as mg HC/g TOCr0ck and oxygen index (0 1 ) as mg C02/g 
TOQock- HI and 01 are typically plotted in a modified van Krevelen diagram to show the 
three broadly defined zones that define the three types of petroleum generative kerogen: 
Type I, II, and III. All kerogens lose hydrogen and oxygen with increased thermal 
maturity, tending toward low HI and 01 values as indicated by the thermal maturity 
pathways as shown by the arrows in Figure ID. General guidelines for kerogen type 
determination from HI and 01 are shown below for immature kerogens.
Table 3: General guidelines for interpretation of HI/OI diagrams. Based on (Miles, 1989).
Hydrogen Index Oxygen Index Kerogen Type Source
< 150 > 100 Type III Terrestrial or
moderately 
oxidized marine
150-300 <  100 Type II Marine, or 
mixed marine 
and terrestrial
>300 <100 Type I Lacustrine, 
some marine
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Thermal maturity is determined with the Rock-Eval in two ways. Tmax is the analytic 
temperature at which the maximum quantity of pyrolysate is generated (Figure 1C). Its 
value is low in immature rocks which have not yet generated petroleum. Tmax values get 
higher as petroleum is generated during the thermal maturation process. Another measure 
of thermal maturity is the ratio of Si to the total pyrolysis yield (S1+S2), called the 
Production Index (PI). PI is a measure of the volatile content relative to total petroleum 
producing capacity (generated and remaining) in the kerogen. PI indicates maturity because 
Si increases with maturity, and S2 decreases, as hydrocarbons are generated from the 
kerogen during thermal maturation. Tmax and PI are usually interpreted according to the 
guidelines presented in Table 4.
Table 4: Thermal maturity levels from Tmax values (from Miles, 1989).
T m a x
< 435±  10°C 
435-440 ± 10 
440-450 ± 10 
> 450±  10
Production Index
< 0. 1%
0.1 - 0.2 
0.2- 0.4 
> 0 .4
Thermal Maturity Level
Immature 
Early mature 
Peak mature 
Late mature
Consistent programmed pyrolysis results that are representative of the indigenous 
sedimentary OM in the rock are affected by: 1) contamination by migrated hydrocarbons 
and drilling fluids, 2) insufficient OM for reliable results, 3) effects of the rock matrix. PI, 
and its value compared to TOC, Tmax and other parameters, is used to screen samples for 
indications of contamination. PI and Tmax are used in conjunction with other data to 
determine the degree of sample contamination. In thermally mature, non-contaminated 
rocks, Tmax and PI will be consistent with one another, each increasing with increasing 
thermal maturity. In contaminated rocks, Tmax tends to be low, about 410-425°C. and PI is
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> 0.25%. It is best to have non-contaminated shales in the same well available for 
comparison.
Peters (1986) discusses programmed pyrolysis in detail and cautions that certain 
programmed pyrolysis parameters (Tmax. HI and 01) are not reliable unless TOC is greater 
than 0.5% and S2  is greater than 0.2 mg HC/rock, because o f the dependence o f these 
parameters on the presence of sufficient organic content These limits have been employed 
in this study for all interpretations based on Tmax> HI, and 01.
Programmed pyrolysis data can be profoundly influenced by the rock matrix (Katz, 
1983; Peters, 1986). Carbonate minerals have been shown to break down in the pyrolysis 
and oxidation ovens and cause elevation of S3 values, which in turn can cause the analyst 
to downgrade hydrocarbon producing potential because of high 01 values. According to 
Langford and Blanc-Valleron (1990), plots of S2  versus TOC eliminate the problems 
caused by matrix effects, and give a better evaluation of present-day hydrocarbon 
generating potential than normal HVOI plots. Similarly, plots of Si + S2  with TOC are also 
used (Bissada et al., 1978) to estimate potential (S2) and effective (Si) hydrocarbon 
producing capacity while minimizing matrix effects.
Pyrolysis Gas Chromatography
Twenty-two organic-rich rock samples were subjected to Pyrolysis Gas 
Chromatography (Py-GC) using a Geo-Lab Nor Geofina Hydrocarbon Meter equipped 
with a 12 m Ultrasone column at the BP Research laboratory in Houston. Prior to analysis, 
rock samples were treated with organic solvents (procedure described in the next section) to 
remove soluble hydrocarbons. In essence, a Py-GC instrument is a programmed pyrolysis 
device (like a Rock-Eval) coupled with a gas chromatograph. It is used to determine the 
chemical composition of volatile and pyrolytic materials produced during pyrolysis 
analysis. It provides more complete information regarding the composition of
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hydrocarbons produced from the kerogen in the rock, and is a measure of the source rock 
quality at present-day thermal maturity levels.
In simple programmed pyrolysis, all hydrocarbon pyrolysis products are combined 
into two main peaks: Si and S2 . In contrast, Py-GC results include (I) K2  (equivalent to 
programmed pyrolysis S2); (2 ) gas chromatograms of the programmed pyrolysis Si and S2 
equivalents to identify the compounds; (3) a listing of the main types of petroleum-like 
compounds produced during pyrolysis based on the carbon-chain length, and; (4) Gas-Oil 
Generative Index (GOGI). K2  is the quantity o f hydrocarbons and non-hydrocarbons 
produced during pyrolysis. Like programmed pyrolysis S2 , K2  is reported as mg HC/g 
rock. The GC traces are comparable to those of associated EOM (discussed below), but 
usually contain a different distribution of compounds as a result of extremely rapid 
generation by analytical temperatures at least twice as high as those usually encountered in 
the natural system.
Relative proportions of petroleum-like compounds [methane (Ci); gases (C2-C4); 
gasoline (C5-C8); kerosene (C9-C13); gas-oil transition (C14-C22); wax and distillates (C23- 
C36)] are calculated from the gas chromatogram and are related to the oil versus gas 
producing capacity of the kerogen. Gas-prone kerogens generate more methane and light 
gases relative to the longer chain, gasoline to wax-distillate compounds that are produced in 
greater abundance by oil-prone kerogen. The GOGI is an approximation of oil-proneness 
versus gas-proneness derived by ratioing the gaseous products (Ci to C5; methane + gases) 
with all larger molecules (>Q) produced during pyrolysis. GOGI values are normally 
interpreted according to the following guidelines, as long as other geochemical parameters 
are in agreement:
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Table 5: Interpretation guidelines for Gas-Oil Generative Index (GOGI) from pyrolysis gas 
chromatography analysis (from: BP Exploration Source Rock evaluation manual).
Gas-Oil Generative Index (GOGI) Source Type
0.00-0.23 Oil Source
0.23-0.50 Oil and Gas Source
> 0.50 Gas Source
Visual Kerogen Assessment and Vitrinite Reflectance
Three visual classification systems have been employed in this study to determine the 
organic makeup of Lower Tertiary marine sediments of Louisiana. Each method 
emphasizes some aspect of the kerogen that has bearing on its geochemistry. The methods 
are: (1) visual kerogen assessment (VKA), (Sassen et al., 1988; Sassen, 1990); (2) 
modified VKA, integrated with fluorescence, and (3) organic particle classification with 
degradation index of Hart (1979; 1986), as applied by Chinn et al. (1989) and Gregory et 
al.(1991). Samples analyzed by method 1 were analyzed at Geochem Labs, by method 2, 
at Exxon Production Research, and method 3, by William A. Gregory, Department of 
Geology and Geophysics and Basin Research Institute, Louisiana State University. The 
two VKA systems emphasize specific organic particle types and estimate hydrocarbon 
generative potential based on particle type and known properties of oil versus gas 
proneness related to particle type. Fluorescence information enhances normal VKA by- 
giving direct indication of hydrocarbons trapped in the organic particles. The organic 
particle classification of Hart (1979; 1986) integrates organic particle type with degree and 
type of degradation so that inferences about conditions in the depositional environment can 
be made based on preservation of the OM.
Preparation of the organic concentrates is similar for each of the classification 
systems: raw rock samples arc demineralized in strong acids, and the insoluble organic
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residue is examined using transmitted light By definition, the insoluble organic residue is 
kerogen. Individual particles that make up the kerogen are called macerals or particulate 
organic matter (POM). It is how the macerals are examined and described that differs 
between classification systems.
Sassen et al. (1988b) and Sassen (1990) present standard VKA data from Geochem 
Labs for POM in 22 Wilcox and 4 Sparta samples that are part o f this study's data set. New 
modified VKA data enhanced with fluorescence information is presented in this study for 
an additional 16 Wilcox and 5 Sparta kerogen isolates. Normal VKA categorizes organic 
particles as Amorphous Algal (AL-), Amorphous (AM-), Herbaceous (H-), Woody (W-), 
and Inertinite (I-) materials as major components. Two special maceral categories are resin 
(RES-) and bitumen (BIT-), usually found in trace quantities. Ten categories are 
recognized in Exxon's modified VKA: Amorphous Algal (Am I-); Amorphous Type II 
kerogen (Am II-); Amorphous Type HI kerogen (Am IE-); Spores (SP-); Foraminiferal 
linings (FL-); Trilete spores (TS-); Plant tissue (PT-); Fungal debris (FD-); Vitrinite (V-); 
and Inertinite (I-).
The two organic particle classification systems are fundamentally similar, with more 
subcategories in the Exxon system based on recognition of internal structures. Normal 
VKA does not differentiate between terrestrially-derived amorphous material and marine- 
derived amorphous material, but the modified VKA system differentiates only if  the internal 
structures of either algae or higher plants are preserved well enough to allow a specific 
classification. The EPR plant tissue (PT-) category probably includes some BRI Woody 
(W-) and BRI Herbaceous (H-) kerogen. Vitrinite (V-) and inertinite (I-) are probably 
equivalent in both systems. The other Exxon categories usually constitute a small 
proportion of the organic particle assemblage.
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AL- from marine or lacustrine sources is hydrogen-rich and equates to Type I (oil- 
prone) kerogen. AM- from marine or terrestrial sources is also relatively hydrogen-rich and 
equates to Type I or II (oil-prone or oil+gas prone). H- is prone to produce both oil and gas 
and equates to Type II OM originating from higher plant leaves and stems (cuticle). W- and 
V- are low in hydrogen, and may be oxygen-rich. They are associated with gas prone 
character and equate to Type III kerogen geochemically. I- is frequently oxygen-rich, and is 
generally not prone to produce significant quantities of liquid or gaseous hydrocarbons. In 
the Exxon modified VKA system, hydrogen-rich, oil prone kerogen consists of Al+SP 
macerals. Oil+gas prone kerogen includes Am II+Am III+FL+TS+PT+FD, and oxygen- 
rich, gas prone kerogen includes V+I.
An especially important aspect of the Exxon modified VKA system is the description 
of the proportion of the POM which exhibits fluorescence under ultraviolet light. The 
number of particles that fluoresce, as well as the intensity of the fluorescence, are 
proportional to the amount of hydrocarbons, specifically aromatic hydrocarbons, that are 
trapped in the POM. It is a direct measure of the hydrogen-richness and thermal maturity of 
a kerogen isolate. When consistent with thermal maturity, and with other geochemical 
indicators of source quality, fluorescence information is interpreted according to the 
guidelines in Table 6 .
Table 6 : Description of source quality based on percentage fluorescing macerals according 
to the system employed at Exxon Production Research.
Fluorescence (%)
Quality of 
Organic Matter (QOM)
0 - 10% Very Poor
11-25% Poor
26-65% Fair
66-80% Good
81-100% Excellent
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The POM classification system of Hart (1979; 1986) integrates maceral type with 
degree and type of degradation to make inferences about conditions in the depositional 
environment can be made based on the relative degrees of preservation of the OM. Eight 
Sparta Formation samples and seven Wilcox Group samples were reported upon by Chinn 
et al. (1989) and Gregory et al. (1991) using Hart's (1979; 1986) classification system. In 
In this system, terrestrially-derived particles are phytoclasts; marine algae and bacteria are 
protistoclasts; and fungal remains are scleratoclasts. Other classes include miospores, 
foraminifera and dinocysts. Protistoclasts and amorphous phytoclasts are the primary oil 
prone kerogen types according to this classification system. Structured phytoclasts are 
derived from higher plants and are the main gas prone kerogen type.
Depositional conditions based on maceral preservation character are based on 
comparison with modem environments in Hart's (1979; 1986) classification system. Well- 
preserved particles with fine details of original structure have undergone little degradation 
in the depxrsitional environment. Poorly preserved particles indicate that aerobic or 
anaerobic degradation of the particles occurred during sediment transport or after 
deposition. Well-preserved bacterial remains can also be recognized within maceral 
particles and are interpreted to represent anaerobic degradation in the dep>ositional 
environment (Hart, 1979; 1986; Gregory et al.,1991). Maceral fluorescence intensity is 
described empirically for these Sparta and Wilcox samples by Chinn et al. (1989) and 
Gregory etal. (1991).
The chemical changes that occur as sedimentary OM undergoes thermal maturation 
are accompanied by systematic changes in physical appearance. A widely used measure of 
thermal maturation level is Vitrinite Reflectance (%Ro): the percentage of incident light that 
is reflected back from a polished vitrinite particle that is immersed in oil, imbedded in an 
eproxy resin holder, and viewed under a microscope. Vitrinite experiences a logarathmic 
increase in reflectivity as hydrocarbon gases are generated and its aromatic content
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increases with increasing thermal maturity level. Vitrinite is a kerogen maceral that is 
derived from higher land plant tissues, and equates to Type III (gas-prone) kerogen. In a 
typical analysis, Ro values are gathered for between 2 0  and 100 particles per isolated 
kerogen sample, and are plotted in a histogram. The Ro histogram must be critically 
examined to ascertain how much of the kerogen assemblage is indigenous to the sediment 
and how much is derived from oxidized and reworked sources. Oil prone source rocks 
become thermally mature at lower Ro values than gas prone source rocks (Table 7).
Table 7: Interpretation guidelines for vitrinite reflectance (Ro) data from oil prone and gas 
prone source rocks, (from: Miles, 1989).
Oil Prone Gas Prone
< 0.5% < 0.7%
0.5 - 1.3% 0.7 - 3.0%
>1.3%  >3.0%
Gas Chromatography-Bulk Geochemistry
EOM was recovered by soxhlet extraction from 63 organic-rich lower Claiborne and 
Wilcox shales and composited shale intervals. After extraction with organic solvents, the 
column and high precision liquid chromatography methods obtain the three component 
fractions: saturate (SAT), aromatic (AROM), and nitrogen, oxygen, and sulfur-bearing 
(NSO) organic compounds, that remain after deasphaltenation of the extract to obtain 
asphaltenes (ASPH). At Core Lab for BRI, 24 samples were extracted with methylene 
chloride, deasphaltened with n-pentane and subjected to high precision liquid 
chromatography for fraction separation according to the method described in Sassen et al. 
(1988b). At BP, eleven additional Wilcox and Sparta samples were extracted and separated 
in the same way. Fraction collection problems prevented calculation of fraction percentages 
for the samples analyzed at BP. For EPR, 24 samples were extracted with a 90:10 mixture
Thermal Maturity Level
Immature
Mature
Overmature
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of methylene chloride: methanol for 24 hours, deasphaltened with n-hexane, and subjected 
to fraction separation by column chromatography.
Percent EOM as a proportion of TOC (%EOM/TOC), reported in o/oo, gives an 
indication of the thermal maturity level of an oil prone source rock because it will increase 
as the source rock passes through the oil window, and decrease as the petroleum-producing 
capacity of the kerogen is exhausted at higher thermal maturity levels. Oil-staining or other 
organic contamination is indicated if %EOM/TOC is abnormally high, greater than 200 o/oo 
for an immature source rock (Geochem Labs, 1980). The amount of hydrocarbons (HC) in 
ppm is the sum of the SAT + AROM + ASPH fractions. Total EOM and HC are 
substantially lower for gas prone kerogens than oil prone kerogens at all thermal maturity 
levels. %HC/TOC is reported in o/oo and also shows an increase as a source rock passes 
through the oil window. Bulk composition results for each EOM sample are reported as 
absolute quantities relative to the whole EOM.
C15+ gas chromatography of EOM and oil samples can provide insight to source rock 
type, depositional environment, and thermal maturity level (Dydik et al., 1978; Peters et 
al., 1986; Seifert and Moldowan, 1989), and are compared to evaluate source-oil 
correlations. The general appearance of the gas chromatogram is used as a qualitative 
indicator of oil-proneness, thermal maturity, and the degree of alteration (Geochem Labs, 
1980; Miles, 1989).
Two biomarkers derived from chlorophyll, the isoprenoids pristane (C19H40), and 
phytane (C20H42), are used for oil-source correlation and estimation of source rock 
depositional environments. Pristane/phytane (Pr/Ph) ratios are thought to be determined at 
the time of deposition. In mature oils and EOM, Pr/Ph > 1.0 if the source rock was 
deposited in an oxic environment. But, Pr/Ph is < 1.0 in oils and EOM derived from source 
rocks that were deposited in highly anaerobic environments (Didyk et al., 1978). Pr/Ph is
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rarely <1.0 for oils derived from higher plant OM (e.g. Sassen and Moore, 1988). Pr/Ph is 
usually above 1.0 in immature oils and EOM (up to 5.0), and approaches 1.0 with 
increased thermal maturity level. Thus, an oil sourced from a mature source rock typically 
has a lower Pr/Ph than EOM from an equivalent, but immature source rock.
Carbon preference index (CPI) is the ratio of odd-numbered alkanes to even- 
numbered alkanes, and is useful because oils derived from oxygen-bearing terrestrial 
sources are dominated by odd numbered alkanes. Thus, CPI can be used to evaluate the 
relative importance of terrestrial and marine sources in crude oil and EOM. CPI is 
consistently higher in terrestrially-sourced extracts and oils than in carbonate-sourced 
petroleum. Like Pr/Ph, CPI decreases as thermal maturity increases. Regardless of the 
source type, the value of CPI approaches 1.0 in mature oils, so that oils and extracts from 
immature source rocks have higher CPI values: foroils>l.l;andforextracts>l.l to 1.5. 
CPI is generally calculated using some combination of the alkanes from C20 to C35. For 
consistency, this study uses CPI calculated according to the formula for CPI-B (Geochem 
Lab, 1980):
C25+C27+C29+C31 C25+C27+C29+C31
■ +  '■ ■
C 26+C28+C 30+C 32 C26+C28+C30+C32
CPI-B = ------------------------------------------------------
2
Gas Chromatography-Mass Spectrometry-'Biomarkers"
Gas chromatography-mass spectrometry (GC-MS) analysis links a gas 
chromatograph with a mass spectrometer so that structural identification can be made of 
high molecular weight compounds that occur in quantities too small to be resolved on a 
C15+ gas chromatogram. Many of these compounds form the "hump" underneath the 
baseline between about C20 - C28 on a gas chromatogram. Families of compounds are
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recognized by measuring the mass to charge ratio (m/z).The saturate fraction hydrocarbon 
extracts of eleven organic-rich Wilcox and lower Claiborne Group shale samples were 
qualitatively analyzed by GC-MS using the multiple-ion scanning (MIS) method at the BP 
Research Westport Laboratory, Houston, Texas. At Core Lab for EPR, 24 additional 
samples were also analyzed by GC-MS.
GC-MS was conducted to identify triterpane and sterane bicmarker compounds in the 
saturate EOM samples. Triterpane and sterane biomarker compounds are useful for 
evaluation of depositional environment, source kerogen type, and thermal maturity (e.g. 
Waples and Machihara, 1990; 1991). Triterpane and sterane biomarker results of source 
rock extracts are compared with other extract samples, and with crude oils from south 
Louisiana and nearshore Louisiana in the discussion below. The triterpanes used in this 
study were identified with the m/z 191 mass fragmentogram; sterane compounds w'ere 
identified using the m/z 217 mass fragmentogram. Triaromatic steranes were identified 
from the m/z 231 trace. Identification of the key C28,30-bisnorhopane and 18a(H)- 
oleanane biomarkers was determined by comparison to standards at each laboratory. Six 
Wilcox samples and five lower Claiborne samples were analyzed at BP. Eleven Wilcox 
samples and four lower Claiborne samples were analyzed at Core Lab for EPR. m/z 191 
mass fragmentograms and m/z 217 mass fragmentograms for all samples are presented in 
Appendices E and F.
Using sterane, triterpane, and triaromatic steroid biomaiker data from three 
laboratories, as has been done in this study, does not greatly decrease their utility as 
correlation and environmental indicators, in spite of differences in laboratory procedures, 
instrumentation, and method of quantitation. Many of the samples examined at BP and 
EPR are from the same 6 wells, and common biomarker ratios generally show good 
agreement between laboratories. It has been assumed that the laboratories are measuring the 
relative proportions of individual saturated and aromatic biomaiker species with some
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
consistency. By comparing data only as ratios, not as absolute quantities, laboratory 
differences are therefore made less important. With due caution, data from the three 
laboratories will be compared in the descriptions below. Some parameters (Ts/Tm) show 
less segregation by laboratory than others (e.g. C29 hopane/C30 hopane), but, most data 
seem to show the same trends as predicted from the literature (e.g. Waples and Machihara, 
1990) and as observed in other Gulf basin geochemical samples.
Figure 10 shows a representative mlz 191 trace annotated to show the primary 
triterpane biomarkers used in this study. Triterpane data are summarized in data tables as 
17a(H), 18a(H), 21p(H)-2830-bisnorhopane/17a(H),21p(H)-hopane (B/C30), 18a(H)- 
oleanane/ 17a(H) ,2  lp(H)-hopane (O/C30), bisnorhopane/oleanane (B/O), C23 tricyclic 
teipane/C24 tetracyclic terpane (23/24), and 18a(H)-22,29,30-trisnorhopane/17a(H)-22, 
2 9 ,30-trisnorhopane (Ts/Tm). B/C30 , 0 /C30 , and Ts/Tm usually show trends with 
increased thermal maturity (Waples and Machihara, 1990; 1991; Wenger et al., 1990). B/O 
and 23/24 are facies indicators (Waples and Machihara, 1990; 1991; Wenger et al., 1990). 
The lower half of Figure 10 is a representative mlz 217 trace, annotated to show the C27 
through C29 steranes. Sterane results are reported as normalized contents of C27, C28 and 
C29 steranes and C29 sterane epimer ratios. C27.C3g.C29  have been shown to be facies 
dependent. C29 sterane epimer ratios are used as thermal maturity indicators because as 
thermal maturity increases, the relative proportion of the biologically derived C29 a a a  20R 
is observed to decrease relative to the diagenetic C29 a a a  20S, app 20R and app 20S 
sterane epimers. Triaromatic steroids peaks used to calculate %TAS are shown in Wenger 
et al. (1990). %TAS compares the relative proportions of C21 + C22 triaromatic steroids to 
C26-C28 S and R configuration triaromatic steroids. %TAS is thought to have no facies
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m/z 191
CO
Oleanane
Bisnorhopane
C 29 Steranes
C 27 Steranes
m/z 217 oo a>
Figure 10. Representative m/z 191, mlz 217, and mlz 231 gas chromatography- 
mass spectrometry fragmentograms with key peak identifications
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dependency, and thus, has great utility in comparing EOM and petroleum of diverse OM 
sources (Wenger et al., 1990).
Carbon Isotope Analysis of Kerogen and EOM
Isolated kerogen samples and EOM samples prepared at Geochem Labs, BP 
Research, and Exxon Production Research were also subjected to carbon isotope 
determination. Relative proportions of the two stable isotopes of carbon (13C and 12C) are 
obtained by converting all of the OM to carbon dioxide by combustion, and determining the 
relative abundances with a mass spectrometer. The relative abundance of 13C and 12C is 
reported relative to the PeeDee Belemnite (PDB) standard and is calculated from the 
formula:
13C/12C sample -  13C/12C standard
613C ° /oo= ---------------------------------------------------
13C/12C standard
The 613C of fifteen Wilcox and lower Claiborne kerogens was determined at Core 
Lab for BRI (Sassen, 1988; 1990). At BP Research, 513C was determined for seven 
Wilcox and lower Claiborne kerogen isolates. Twenty-one Wilcox and lower Claiborne 
kerogens were subjected to carbon isotope determination at Core Lab for EPR. Kerogen 
carbon isotopes originate with the carbon isotopic signature of the organic source, but are 
modified during thermal maturation (Clayton, 1991). In general, terrestrial kerogen are 
isotopically lighter than marine kerogens because of the relatively high amount of 12C in the 
atmosphere compared to the ocean. 613Cjcer is observed to become isotopically lighter with 
increasing thermal maturity.
EOM samples were also subjected to stable carbon isotope determination. The relative 
abundance of the 13C to the 12C isotope in the EOM (613Ceom) was determined using the 
same method as for the kerogen isolates. 613Ceom is initially determined by the isotopic
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ratio in the source kerogen, but is modified to a greater degree than kerogen during 
maturation and migration to become reservoired crude oil. Worldwide, carbon isotopic 
ratios for EOM samples are about 1 o/oo isotopically lighter than the isotopes of the source 
kerogen from which they were derived. 6 13Ceo m  also becomes isotopically lighter with 
increasing thermal maturity.
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RESULTS OF GEOCHEMICAL ANALYSIS
Programmed Pyrolysis
Programmed pyrolysis results are presented in Appendix A. The ranges of TOC and 
S2  are shown below for Upper Cretaceous to lower Claiborne samples from western 
Louisiana to eastern Louisiana. HI and 01 ranges are also presented for the samples that 
meet the criteria of Peters (1986) of TOC £  0.5% and S2  £  0.2 mg HC/g rock. Two 
measures to ascertain the thermal maturity are also presented: PI, and Tmax- Typical Tmax 
ranges and average interval Tmax values are reported for samples that meet Peters' (1986) 
criteria. In several cases, the actual Tmax ranges include a few spurious values outside a 
typical range (as judged by histogram).
Beauregard Parish—Upper Cretaceous to Upper Wilcox
Upper Cretaceous to Upper Wilcox shale cuttings samples were analyzed from two 
wells in Beauregard Parish in western Louisiana. Three Upper Wilcox samples at a 
sampling interval ranging from 10 to 60 ft (3-18.3 m) were recovered from 9290 to 9560 ft 
(2832-2914 m) in the Martin no. 1 Sabine River Lumber well (SRL) in the northwest part 
of the Parish (Figure 11). Twenty-five additional Lower Wilcox to Upper Cretaceous 
samples from 12100 to 15520 ft (3688-4730 m) were also taken from SRL. The Lower 
Wilcox-Midway boundary in SRL was determined lithologically at 13300 fit (4054 m); the 
Upper Cretaceous was encountered at 14430 ft (4398 m). Approximately four miles to the 
south, sixteen Lower Wilcox to Midway samples were recovered at a sampling interval of 
100 ft (30 m) from 13300 to 15160 ft (4053-4621 m) in the Arco-Sohio no. C-l Boise 
Southern (ABS) well (Figure 12). Poor log quality prevents the determination of the Lower 
Wilcox-Midway boundary in ABS.
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Tmax of the Upper Cretaceous in SRL is widely varied, ranging from 296 to 435°C  
and averaging 396°C (Figure 11). The overlying Midway to Upper Wilcox samples have 
Tmax values that increase from about 441 °C to about 468°C, with a rather wide variability. 
Twelve miles to the south, Lower Wilcox shales from ABS have Tmar values that average 
about 443°C (Figure 12). SRL samples show an increase in PI values from about 0.09 to 
about 0.45% for the Wilcox to Upper Cretaceous section (Figure 11). In the Lower Wilcox 
of ABS, PI ranges from 0.08 to 0.24% (Figure 12).
TOC of the Upper Cretaceous in SRL is very low, ranging from 0.40 to 0.92% 
(Figure 11). S2 values range from 0.03 to 1.28 mg HC/g rock. Seven of the eleven Upper 
Cretaceous samples meet Peters' (1986) criteria. HI values are low, and range from 46 to 
139 mg HC/g TOC. OI values range from 75 to 127 mg C02/g TOC. TOC values for 
Midway samples from SRL range a little higher than the Upper Cretaceous samples, from 
0.46 to 2.03% TOC (Figure 11). S2  values range from 0.08 to 1.76 mg HC/g rock. Ten of 
fifteen Midway samples meet Peters' (1986) criteria with low HI values that range from 28 
to 135 mg HC/g TOC and OI values ranging from 41 to 174 mg C02/g TOC TOC values 
of the Lower Wilcox in SRL are somewhat higher than the underlying Upper Cretaceous 
and Midway, ranging from 0.31 to 2.09% TOC. S2  values remain very low however, 
ranging from 0.03 to 2.14 mg HC/g rock. Fourteen samples meet Peters' (1986) criteria 
and have low HI values from 20 to 103 mg HC/g TOC, and OI from 43 to 152 mg C02/g 
TOC. Figure 11 indicates that overall, the Lower Wilcox to Midway section in SRL has 
TOC values less than 1.00% TOC. Exceptions include one lower Midway sample at 14130 
ft (4307 m) and several Lower Wilcox samples between 13030 and 13210 ft (3972-4026 
m) that show elevated TOC values between 1.0 and 2.5% TOC A corresponding increase 
in HI is not observed in these intervals (Figure 11).
Lower Wilcox and Midway samples from ABS, 12 miles (19.2 km) to the south, are 
also low TOC (Figure 12), with values that range from 0.44 to 0.99% TOC. One sample at
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15160 ft (4621 m) has a TOC of 1.90%. S2  ranges from 0.26 to 1.80 mg HC/g rock, with 
a high value of 5.92 mg HC/g rock at 15160 ft (4621 m). All but one o f the ABS samples 
meet Peters' (1986) criteria. They have low to moderate HI values ranging from 47 to 196 
mg HC/g TOC and OI from 56 to 156 mg C02/g TOC. HI for the sample at 15190 ft (4630 
m) is high, at 311 mg HC/g TOC.
The three Upper Wilcox samples from SRL have low TOC, ranging from 0.40 to 
0.64% TOC, and S2  values that range from 0.03 to 0.11 mg HC/g rock. HI and OI values 
for the two samples that meet Peters' (1986) criteria are 96 and 106 mg HC/g TOC and 15 
and 35 mg C02/g TOC respectively.
Allen Parish—Lower Wilcox to Lower Claiborne
Two hundred ninety seven lower Claiborne and Wilcox Group shale samples were 
collected from conventional core from three wells in southern Allen Parish (Figure 8). 
Lower Claiborne to Lower Wilcox Group shales were sampled from several cored sections 
in the Magnolia no. D -l Ragley Lumber well (MRL) extending from 10648 to 15950 ft 
(3246-4862 m) Upper Wilcox shales were sampled in the Amoco no. 1 Marcantal Farms 
well (AM) from four cores extending from 12632 to 14427 ft (3850-4397 m). Upper and 
Middle (?) Wilcox shales in the Amoco no. 1 J. A. Bel Estate well (AB) were sampled 
from four short cored sections extending from 12562 to 15398 ft (3829-4693 m). Tmax 
values increase from about 435 °C at 12000 ft (3658 m) to 447 ±  10 °C at 16000 ft (4877 
m) in MRL (Figure 13). The AM and AB wells have similar thermal maturity trends, with 
Tmax of about 435 ±  7 °C at 12600 ft (3840 m) in both wells, and increasing to about 445 ±  
5 °C at 14500 ft (4420 m) in AM (Figure 14), and to 448 ±  10 °C in AB at 15300 ft (4663 
m) (Figure 15).
The lowermost (Lower Wilcox) core from 14900 to 15950 ft (4542-4862 m) in MRL 
has TOC from 0.57-4.07%, averaging 1.19% TOC (Figure 13). There are thin (< 5 ft; 1.5
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Figure 15. Programmed pyrolysis results for Amoco no. 1 J. A. Bel Estate (AB)
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m) zones o f high TOC zones below 15500 ft (4724 m). The relatively thick 49 ft (15 m) 
interval between 15434-15483 ft (4704 m) includes 13 samples with modestly higher TOC 
(1.0-2.4%), averaging 1.46%. Overall, S2 averages about 1.05 mg HCVg rock and ranges 
up to 2.70 mg HC/g rock in this core. However, S2  is not always low in low TOC 
samples, nor is it appreciably higher in many samples of the 49 ft thick, higher TOC 
interval. HI for the 46 of 58 samples that meet the criteria of Peters' (1986) ranges from 56 
to 402 mg HC/g TOC and OI ranges from 10 to 197 mg C02/g TOC. Generally, OI is less 
than 70 mg C02/g TOC for these Lower Wilcox samples.
Wilcox shales from 14109 to 14229 ft (4300-4337 m) in MRL (Middle Wilcox) have 
low TOC contents that range from 0.05 to 1.29%, and S2  values from 0.09 to 1.06 mg 
HC/g rock (Figure 13). HI and OI values for the 8 of 20 samples that meet Peters' (1986) 
criteria range from 72 to 107 mg HC/g TOC and 11 to 42 mg C02/g TOC respectively. A 
modestly high TOC zone is apparent at 14109-14140 ft (4300-4310 m). No concurrent 
increase in S2  or HI is observed within this zone.
The two lower cored sections (Middle Wilcox) in AB from 15031 to 15398 ft (4581- 
4693 m) are richer in hydrogen-rich OM (Figure 15) than the Lower and Middle Wilcox of 
MRL (Figure 13). TOC values are between 0.45 and 4.83%, and average 1.30%. S2 
values range from 0.54 to 11.53 mg HC/g rock. For the 42 of 43 samples that meet Peters' 
(1986) criteria, HI values are moderately high, ranging from 89 to 238 mg HC/g TOC. OI 
values range from 6 to 50 mg C02/g TOC, but are generally less than 15 mg C02/g TOC 
in AB.
Upper Wilcox samples were recovered from all three Allen Parish wells. Ninety-three 
Upper Wilcox shales were analyzed from MRL; 91 from AM; and 22 from the 2 upper 
cores in AB. TOC values of the upper MRL cores from 11242 to 13161 ft (3427-4011 m) 
are mostly less than 1.0% TOC (Figure 13) with some notable exceptions: 14 high TOC
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samples from 12862-12965 ft (3920-3952 m), and several samples from much thinner high 
TOC intervals. TOC is as high as 4.06% in the high TOC zones. Within the 103 ft (32 m) 
thick zone, TOC is 0.58-2.85%, and averages 1.63%. There is a corresponding increase in 
S2, and consequently, HI, within this zone. Overall, MRL Upper Wilcox S2  values range 
from 0.08 to 22.35 mg HC/g rock. HI and OI values for the 75 of 93 MRL samples that 
meet Peters' (1986) criteria Tange from 54 to 537 mg HC/g TOC and 17 to 85 mg C02/g 
TOC respectively. The high TOC zones contain OM that is more hydrogen-rich than OM in 
the rest of the Upper Wilcox in this well. In high TOC zones, HI averages 178 mg HC/g 
TOC compared to an overall Upper Wilcox average of 124 mg HC/g TOC
Most Upper Wilcox samples from AM have TOC values that fall between 1.0 to 
2.0% TOC (Figure 14). However, two high TOC, hydrogen-rich intervals are recognized: 
12805-12874 ft (3903-3924 m) and 13942-14043 ft (4250-4280 m). Both zones have 
higher S2  and HI values, and lower OI values than the rest of the core. Overall, TOC 
averages 1.57%; S2  averages 2.42 mg HC/g rock; HI averages 145 mg HC/ gm TOC and 
OI averages 22 mg C02/g TOC By comparison, the shallower high TOC interval has 
average TOC, S2 , HI and OI values of 2.64%, 4.51 mg HC/g rock, 162 mg HC/ gm TOC, 
and 15 mg C02/g TOC, respectively. The deeper zone has average values of 2.60%, 4.64 
mg HC/g rock, 176 mg HC, and 11 mg CO2/  g TOC, respectively. In AM, both of the 
higher TOC zones contain more hydrogen-rich kerogen than the lower TOC zones.
In AB, two thin Upper Wilcox core intervals of 58 ft (18 m) and 112 ft (34 m) 
thickness have moderate to high TOC contents, with values ranging from 1.18 to 4.71% 
TOC and averaging 1.62% TOC (Figure 15). Definitive trends in organic geochemistry in 
this well are not discemable because of the thinness of the cored intervals. Overall, S2  and 
HI are moderate to high, ranging from 1.43 to 11.92 mg HC/g rock, and 84 to 253 mg 
HC/g TOC, respectively. OI is low, ranging from 6 to 25 mg C02/g TOC.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
68
Four samples from between 10648 (3246 m) and 10905 ft (3324 m) in MRL are from 
the lower Claiborne Group. Tmax is 423°C for the only sample with sufficiently high TOC 
and S2  values according to the criteria of Peters (1986). This sample has 1.70% TOC; S2 
of 1.39 mg HC/gm rock; an HI of 81 mg HC/gm TOC; and OI of 46 mg C02/gm TOC. 
The other lower Claiborne samples are exceedingly low in TOC.
Northern St. Landry Parisk—Midway to Lower Claiborne
Drill cuttings from the Midway to the lower Claiborne were analyzed from two wells 
in northern St. Landry Parish (Figure 8 ). The sample range for the Martin no. 1 Echart well 
(MEc) is 9510 to 15630 ft (2899-4764 m), normally at a sample interval of 60 ft (18.3 m) 
(Figure 16). The Sohio no. 1 R.O. Martin well (SM), located 15 miles (24 km) to the 
northeast, was sampled from 9030 to 16620 ft (2752-5066 m) at a 30 ft (9.1 m) sampling 
interval (Figure 17). In addition, two Lower Wilcox cores were sampled from 13357- 
13656 ft (4072-4162 m) in the Shell no.2 Wolfe well (SW) at Elba Field, 5 miles (8  km) 
northeast of SM (Figure 18). Wilcox subdivisions and well log correlations are difficult to 
define in MEc and SM, probably because the wells are situated on either side of the St. 
Landry Canyon. Even the correlation of the SW and SM wells is difficult because of poor 
quality of the SW log. Due to an equipment malfunction, neither Tmax nor S3 values were 
recorded for SM samples during analysis. As a result, OI values are also not available for 
SM samples. This should have no effect on TOC, S2, or HI determinations. PI values for 
SM and MEc are observed to increase with depth from < 0.1 at burial depths of 9000- 
11000 ft, to > 0.2% below 15000 ft (Figures 16 and 17). Tmax values for MEc samples 
increase from about 440 ± 3°C at 9000 ft to 450 ±  3°C below 15000 ft (Figure 16). Tmax 
values for SW core samples at about 13350 ft average 439°C (Figure 18).
Most MEc samples have low hydrogen OM in shales with less than 1.0% TOC. 
Overall, TOC averages 1.25% and S2 averages 1.70 mg HC/g rock. HI averages 100 mg
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HC/g TOC and OI averages 98 mg C02/g TOC (Figure 16) in MEc. However, 8 samples 
have TOC > 1.25%, up to 16.94%, usually with a corresponding increase in hydrogen 
content, as reflected by S2 values as high as 34.93 mg HC/g rock, and HI up to 280 mg 
HC/g TOC. SM samples are similar to the MEc samples, with TOC averaging 1.12%. SM 
OM is very low in hydrogen, with S2  values averaging 0.62 mg HC/g rock, and HI 
averaging 54 mg HC/g TOC. Two prominent high TOC zones with corresponding 
increases in hydrogen content of the OM are apparent in SM at 10770 ft and 12780 ft  TOC 
increases to as high as 2.40% TOC with S2  o f 5.07 mg HC/g rock, and HI of 211 mg 
HC/g TOC (Figure 17).
TOC values for the SW core are among the highest recorded for the Lower Wilcox in 
this study. With the exception of a single sample with TOC of 0.81%, the TOC ranges 
from 1.91 to 5.20% (Figure 18). The OM is hydrogen-rich and oxygen-poor with S2  from 
2.15 to 12.42 mg HC/g rock. HI values are consistently high, from 134 to 265 mg HC/g 
TOC; and OI values are low, from 14 to 36 mg C02/g TOC.
Nineteen lower Claiborne samples from 9510 to 10620 ft were recovered from MEc; 
28 samples from 9000 to 9930 ft were recovered from SM (Figures 16 and 17). In the 
upper part of the Cane River and the Sparta sections, TOC values are close to 1.00% TOC 
in both wells. HI values are generally less than 150 mg HC/g TOC in MEc and less than 50 
mg HC/g TOC in SM. However, a lower Claiborne TOC maximum is observed at 10380 
to 10500 ft in MEc and at 9750 to 9780 ft in SM, about 120 ft above the lower Claibome- 
Wilcox contact in both wells. TOC values reach 1.50% TOC in MEc and 2.25% TOC in 
SM. A correlative HI maximum up to 178 mg HC/g TOC is also observed in both wells. 
Above the maximum, TOC and HI values are observed to gradually decrease.
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Southern Pointe Coupee and St. Landry Parishes—Lower Wilcox to Lower Claiborne
All southern Pointe Coupee Parish and southern St. Landry Parish samples were 
recovered from conventional core. Lower Wilcox samples were retrieved from 14218- 
14276 ft (4334-4351 m) in the Murexco no. 1 Kimball well (MK) in Livonia Field. Upper 
Wilcox shales were sampled from eight wells in southern Pointe Coupee Parish (Figure 8). 
Three wells are located in the vicinity of Bayou White Held and were sampled from 11579 
to 11985 ft (3529-3653 m) [Texaco no. 8 Duckworth (TD); Texaco no. 1 Kramer (TK); 
and Texaco no. 5 Reuter (TR)]. Six wells are located about 6 miles (9.6 km) to the south in 
Fordoche Field and were sampled from 13128 to 13872 ft (4001-4228 m) [Sun no. 2 
Smith (S2S); Sun no. 8 Smith (S8S); Sun no. 7 El Plant (SEP); Sun no. 5 Bomer Blanks 
(SBB); and, Texaco no. 8 Holloway Planting (TH)]. Lower Sparta Formation shales were 
sampled from 3 wells in Fordoche Field [Clayton Williams no. 1 S. Dreyfus (CWD); 
Clayton Williams no. 1 J. Green (CWG); and Sun no. 1 Louisiana National Bank (LI'B)], 
and one well in Lottie Field 3 miles (4.8 km) to the west [Clayton Williams no. 2 D. Jones 
(CWJ)]. The sampled interval for these four wells extends from 11133 to 11659 ft (3393- 
3554 m). Upper Sparta Formation samples were recovered from 11413 to 11637 ft (3479- 
3547 m) in the Sun no. 1 2 O’Clock Bayou well (O’CB) at Krotz Springs Field in southern 
St Landry Parish, 4 miles, west of Fordoche Field. The O’CB samples are from two cored 
sections that are about 300 ft (91.4 m) higher in the Sparta than the samples from Fordoche 
Field.
Tmax values of Lower Wilcox samples at approximately 14250 ft (4343 m) in the 
Kimball well (MK) range from 437 to 451°C and average 442°C (Figure 19). The Upper 
Wilcox in the vicinity of Fordoche Field at about 13200 ft (4023 m) has Tmax values 
ranging from averaging about 439°C; those from about 13600 (4145 m) include two 
populations, one with an average Tmax of 438°C and the other averaging 450°C (figure 
20). The higher Tmax samples are shales interbedded with the W-12 sandstone. At about
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11800 ft in the vicinity of Bayou Fordoche Field, Upper Wilcox shales have Tmax that 
typically ranges from 424 to 446°C and averages 437°C. Tmax in the lower Claiborne at 
Fordoche Field in Pointe Coupee Parish at about 11500 ft typically ranges from 426 to 
438°C and averages 432°C (e.g. Figures 21-24). Tmax for the Upper Sparta cores in 
southern St. Landry Parish is typically in the range o f432 to 442°C and averages 437°C 
(e.g. Figure 25).
Fourteen Lower Wilcox shales were sampled in MK. Shales from this well have 
some of the highest TOC S2 and HI values o f all Wilcox samples analyzed for this study 
(Figure 19). TOC values range from 1.08 to 4.47%, averaging 3.17%. Hydrogen-rich OM 
is present, as indicated by S2 values from 1.14 to 16.28 mg HC/g rock, averaging 8.72 mg 
HC/g rock, and HI values from 105 to 364 mg HC/g TOC, averaging 260 mg HC/g TOC. 
OI values are very low, only 2 to 32 mg CO2 /g TOC, and averaging only 9 mg C02/g 
TOC.
The distribution of samples from the 8  Upper Wilcox wells was controlled by shale 
availability because the primary objective of the coring operation appears to have been to 
study the main Fordoche Field producing sands, the "W-8 " and the "W-12." Only 10 
samples were obtained from 5 of the wells because of the preponderance of sand in the core 
(TK, TR, SBB; SEP; and TH). Eighty samples were recovered from the other 3 wells (TD, 
S2S, S8 S) in which more shaley sections were cored.
Overall, Upper Wilcox core samples analyzed from the 8  southern Pointe Coupee 
Parish wells have TOC values ranging from 0.10 to 1.31% TOC and averaging only 
0.53% TOC (Appendix A). Hydrogen richness is also low, with S2  values ranging from 
0.20 to 1.93 mg HC/g rock. HI and OI values from samples that meet the criteria of Peters 
(1986) range from 78 to 175 mg HC/g TOC and 1 to 38 mg C02/g TOC respectively. In 
contrast, the mudstone that was sampled from 13128 to 13164 ft (4001-4012 m) in S8S
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(Figure 20) is more organic-rich, with TOC values that range from 0.97 to 2.38%. The 
kerogen is more hydrogen-rich, with S2 values from 1.56 to 5.24 mg HC/g rock and HI 
values from 149 to 255 mg HC/g TOC. OI values are moderate to low, from 31 to 84 mg 
C02/g TOC. Similarly, the mudstone above the W-8  in TD also has higher TOC values 
than the other Upper Wilcox shales. In TD, TOC ranges from 0.97 to 3.33 % (average 
1.64%) but HI values are moderate, from 117 to 158 mg HC/gm OC (average: 134 mg 
HC/gm OC). Otherwise, mudstone within and directly underlying the W-8  sandstone in 
S8 S and TD is typical of other southern Pointe Coupee Parish Upper Wilcox mudstone 
with low TOC, S2, HI and OI values.
In the Fordoche and Lottie Field Sparta wells, the primary producing sand (Sparta 
B), near the bottom of the sandy Sparta interval was cored (Figures 21-24). Samples were 
taken from interbedded shale samples, and from shales above and below the sand. Chinn et 
al. (1988) noted a distinct variability in TOC and other programmed pyrolysis parameters 
depending on location of the sampled shale interval with respect to the Sparta B sand. The 
TOC of shale samples above the sand ranges from 0.70 to 2.47% TOC and averages 
1.35% TOC (Figures 21-24). S2 ranges from 0.78 to 4.53 mg HC/g rock; HI from 54 to 
237 mg HC/g TOC; and OI from 0 to 127 mg C02/g TOC. Shales from below the sand 
have TOC values that range from 0.98 to 32.78% TOC and average 3.27%, but typically 
range up to 5.65% TOC (Figures 21-24). S2  ranges from 2.11 to 205.28 mg HC/g rock;
HI from 198 to 843 mg HC/g TOC; and OI from 6  to 158 mg C02/g TOC.
The upper Sparta was sampled from two cored sections [11413-11497 ft (3479-3504 
m); 11596-11637 ft (3534-3547 m)] in O’CB. TOC values for the upper cored section 
range from 1.15 to 8.14% TOC and average 2.83% TOC (Figure 25). S2  ranges from 2.41 
to 36.66 mg HC/g rock; HI from 170 to 486 mg HC/g TOC; and OI from 11 to 48 mg 
C02/g TOC. The lower core is generally lower in TOC content than the upper core. TOC 
ranges from 1.32 to 3.21% TOC and averages 2.14%; S2 ranges from 1.95 to 6.96 mg
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HC/g rock; HI from 148 to 276 mg HC/g TOC; and OI from 9 to 54 mg C02/g TOC. 
Although TOC values are moderately high to high, a corresponding increase in hydrogen 
content is not obvious.
West Baton Rouge Parish—Upper Wilcox
Upper Wilcox mudstones were sampled from two cored intervals in the Amoco no. 1 
Wilbert and Sons well (AW) in northern West Baton Rouge, Parish (Figure 26). One core 
extends from 12849 to 12971 ft (3916-3954 m); the other from 12549 to 12669 ft (3825- 
3862 m). Some organic-rich shales are present, with TOC values that range from 0.62 to 
2.18 %. Hydrogen-rich kerogen is present in the organic-rich shales with S2  values from 
1.20 to 4.23 mg HC/g rock and HI values from 93 to 205 mg HC/g TOC. OI values range 
from 17 to 107 mg CO2 . Tmax values range from 422 to 437 °C and average 433 °C. PI 
values are consistently between 0.06 and 0.09%.
Livingston Parish—Upper Cretaceous to Lower Wilcox
In west central Livingston Parish, the uppermost Wilcox from three wells [Callon no. 
1 Erickson (CE); Callon no. 1 Thom (CT); Franks no. 1 Morrison (FM)j and the Lower 
Wilcox in one well [Amoco no. 4 Bamett Heirs (ABH)] were sampled from conventional 
core. Cuttings were sampled from five additional wells representing the lowermost Wilcox, 
Midway, and Upper Cretaceous sections in northwestern [Martin no. 1 Smith (MS); Martin 
no. 1 Easterly (ME); Martin no. 1 Georgia Pacific (MGP)] and east central Livingston 
Parish [Martin no. B-l Crown Zellerbach (B1CZ) and the Martin no. 2 Crown Zellerbach 
(2CZ)]. (Figure 8). Overall, programmed pyrolysis TOC results showed modest organic 
content between 0.50 and 1.5% TOC in all samples except in many of the cuttings samples 
from B1CZ and 2CZ where TOC values ranged up to 8.52%. Programmed pyrolysis Si 
values ranging from 0.28 to 37.49 mg HC/g rock, and S1/S2+S1 (PI) values ranging from 
0.12 to 0.84%, HI values as high as 755 mg HC/g TOC, extraction yield, and gas
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chromatography of EOM from these two wells suggest that the high TOC values are a 
result of contamination from diesel fuel. Programmed pyrolysis results from B1CZ and 
2CZ in east central Livingston Parish are therefore not believed to be indicative o f  
indigenous hydrocarbon producing potential. Data are included in Appendix I for reference 
purposes only.
Cuttings samples from 3 wells in northern Livingston Parish provide organic profiles 
for the Midway Group and the uppermost Cretaceous, and possibly part of die Lcwer 
Wilcox. More than 2100 ft (640 m) were sampled from ME; 1200 ft (366 m) from MS; and 
760 ft (232 m) from MGP (Figures 27-28). A total of 63 samples were taken over a depth 
range of 12210 to 14340 ft (3722-4371 m). S3 values for MGP were not available due to 
an equipment malfunction. This should not have any impact on TOC or HI calculations, but 
OI values are not available.
Many of the Upper Cretaceous samples from MS and ME are very low in TOC and 
S2 , and have widely scattered and unreliable Tmax values (Figures 27 and 28). The three 
values which appear reasonable range from 439 to 447 °C and average 443°C  
Corresponding PI values range from 0.22 to 0.35%. Lower Tertiary (Midway-Wilcox) 
Tmax values from ME, MS, and MGP increase from about 441°C at 12500 ft to about 
448°C at about 13100 ft burial depth (Figures 27 and 28). PI ranges from 0.09 to 0.43%, 
but most samples have PI near 0.21%. Lower Wilcox Tmax values at 13350 ft in ABH, 
about 6  miles, to the south in west central Livingston Parish, range from 433 to 438 °C and 
average 435°C (Figure 29). PI of these samples is consistently near 0.10%. The Upper 
Wilcox in west central Louisiana, at about 10200 ft in CT, CE, and FM, has lower Tmax 
values, ranging from 424 to 434 °C, averaging 431 °C (Figure 30). PI values range from 
0.05 to 0.17, but is near 0.10 for most Upper Wilcox shales.
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Upper Cretaceous samples from the ME and MS wells have low TOC values overall 
that range from 0.13 to 1.8% TOC but average only 0.47% TOC (Figures 27 and 28). S2 
and HI indicate low hydrogen OM with values from 0.03 to 2.24 mg HC/g rock and 55 to 
124 mg HC/g TOC respectively. OI values for the Cretaceous, ranging from 74 to 304 and 
averaging 207 mg C0 2 /g TOC, may be artificially high due to thermal breakdown of  
carbonate matrix during analysis. TOC values for the Lower Tertiary in all three northern 
Livingston Parish wells are slightly higher, with TOC ranging from 0.38 to 3.62%, and 
averaging 1.10%. Hydrogen content is low, with S2 values ranging from 0.01 to 2.73 mg 
HC/g rock, and HI values from 29 to 128 mg HC/g TOC. OI values are substantially lower 
than the Cretaceous, from 41 to 190 mg CO^g TOC. As observed in SRL in northern 
Beauregard Parish, all three wells exhibit a TOC and hydrogen-richness maximum about 
200 ft above the Cretaceous-Midway boundary.
Lower Wilcox shales were sampled from between 13316 and 13370 ft in ABH at 
Lockhart Crossing Field (Figure 29). TOC values are moderately high, ranging from 0.88 
to 2.36%. Hydrogen-rich OM is present, with S2 from 1.97 to 6.06 mg HC/g rock, and HI 
from 202 to 291 mg HC/g TOC. OI values are from 20 to 6 6  mg C02/g TOC.
Uppermost Wilcox shales above and below the "First Wilcox" sand at Lockhart 
Crossing Field were sampled from CE, CT and FM (Figure 30). The First Wilcox sand is 
the first significant Wilcox Group sand encountered during drilling, and is one of the 
primary producing sands in Lockhart Crossing Field (Self et al., 1988). Samples were 
taken from 10162 to 10252 ft (3097-3125 m) depth. TOC values range from 0.71 to 
1.53% TOC overall, but are somewhat higher in the shale above the First Wilcox sand in 
FM. TOC averages 0.92% TOC below the First Wilcox sand, and 1.18% TOC above it  
OM with slightly higher hydrogen is present in the upper shale as indicated by S2  and HI 
values for the upper shale averaging 1.72 mg HC/g rock, and 140 mg HC/g TOC 
respectively, compared to 1.09 mg HC/g rock and 119 mg HC/g TOC for the lower shale.
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Overall, OI values from 24 to 76 mg CCtyg TOC, and show no apparent trend relative to 
the sand.
Pyrolysis-Gas Chromatography
Nine lower Claiborne and fourteen Wilcox Group samples were analyzed by 
pyrolysis gas chromatography (py-GC) at BP Research. Py-GC results include K2 , GOGI 
values and bulk composition results, presented in Table 8 , and gas chromatograms of die 
pyrolysate in Appendix B.
Wilcox Group and Midway Group
Wilcox Group shales from Beauregard (ABS), Allen (MRL), northern S t Landry 
(MEc), southern Pointe Coupee, (TO, MK), and Livingston (ME, MS, 2CZ) Parishes 
were analyzed by py-GC (Table 8 ). In general, K2  values are similar to programmed 
pyrolysis S2 values for Wilcox samples, except at 14120 ft (4304 m) in 2CZ in east central 
Livingston Parish. K2  for this sample is 0.96 mg HC/g rock compared to an S2  of 2.80 mg 
HC/g rock for the unextracted sample that was subjected to programmed pyrolysis. This 
difference is attributed to the extraction process and removal of organic contaminants before 
py-GC that were still in the 2CZ sample during programmed pyrolysis. K2  values range 
from 1.34 to 42.05 mg HC/g rock for other Wilcox samples. Wilcox Group GOGI values 
range from 0.36 to 1.83 (Tabic 8 ). GOGI values above 0.50 are most abundant (Figure 
31). GOGI values in MEc (St. Landry Parish) are lowest in the Midway Group and show a 
general increase from the Lower to Upper Wilcox (Table 8 ).
Bulk composition data calculated from the pyrolysis-gas chromatograms for Wilcox 
samples indicate that methane typically ranges from between 15.7 to 31.5%, and averages 
23.0% of the pyrolysate (Figure 32). An exception is the Upper Wilcox sample at 11670 ft 
(3557 m) in MEc from which 41.6% of the pyrolysate is methane. Gases make up an
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Table 8: Results of Pyrolysis Gas Chromatography analysis
D epth D ep th  Programmed Pyrolysis Py-GC Pyrolysis GC Fractions (%)
Well (« ) (m) Tmax TOC S1 S 2 HI OI k 2 GOGI7 M1 G2 G as3 K er4 G+O5 Wax6
ABS 15160 4621 441 1.9 0.54 5.92 311 56 4.48 0.71 31.4 10.1 25.6 15.8 16.7 0.5
MRL 12888 3928 435 2.08 0.71 4.65 224 25 3.95 0.46 20.3 11.1 21.3 15.2 25.9 6.1
MRL 12935 3943 435 1.95 0.76 4.24 217 28 3.66 0.58 21.8 14.8 23.7 14 22.6 3.2
MEc 10440 3182 440 1.5 0.21 2.61 174 110 4.39 0.36 26.2 0.5 31.8 18 22.6 1.0
MEc 11670 3557 437 2.62 0.59 3.78 144 88 2.54 1.06 41.6 9.8 19.8 14.8 14 0.2
MEc 12150 3703 425 16.94 3.9 34.93 206 158 42.05 1.83 15.7 48.9 9.7 10.3 13.8 1.6
MEc 12990 3959 438 4.71 0.84 13.21 280 42 10.35 0.59 22.9 14.4 16.8 15.8 27.5 2.6
MEc 13410 4087 438 4.45 0.5 4.58 102 129 6.82 0.76 30.2 13.0 20 15.8 20.1 0.9
MEc 14950 4557 441 1.35 1.01 2.82 208 91 3.63 0.43 17.4 12.9 22.5 19.3 26.5 1.3
o c b 11496 3504 446 1.55 0.63 6.36 410 33 7.14 0.35 15.6 10.2 20.8 16 29 8.4
OAD 11179 3407 435 1.65 0.56 5.58 338 29 4.73 0.36 15.1 11.2 22.9 18.2 28.1 4.5
CWG 11496A 3503 n /a n /a n /a n /a n /a n /a 46.18 0.38 17.1 11.1 20.5 15.4 28.4 7.4
OAG 11496B 3504 424 14.8 5.2 65.1 442 12 6.95 0.39 18.5 9.2 14.3 14 31.8 12.1
CWG 11515 3510 431 1.62 0.43 6.21 383 54 3.41 0.28 12.8 9.3 20.7 16.4 33.5 7.2
CWJ 11420 3481 445 0.91 0.19 1.87 198 0 2.66 0.35 14.9 11.1 20.9 15.7 32.2 5.2
CWJ 11450A 3490 433 1.67 1.01 4.2 251 30 4.52 0.39 16.8 11.4 21 15.3 29.7 5.8
CWJ 11450B 3490 437 4.05 3.46 12.9 317 22 10.14 0.55 22.1 13.3 15.9 11.5 29.2 7.9
TD 11579 3529 441 1.13 0.28 1.82 161 15 2.47 0.39 15.6 12.3 20.4 15 30.6 6.1
MK 14248 4343 450 3.29 3.93 10.77 327 17 11.54 0.48 21.8 10.8 18.8 14.2 26.1 8.3
MK 14260 4346 451 2.81 1.18 9.48 337 14 7.97 0.49 21.9 11.1 19.4 14.6 26.4 6.6
H E 12210 3722 430 2.13 1.2 2.73 128 190 1.34 0.36 17.8 8.6 35.3 17.9 17.8 2.6
MS 13420 4090 426 1.8 1.01 2.24 124 304 2.37 0.99 31 18.7 24.7 14.7 10.7 0.2
2CZ 14120 4304 445 1.3 6.43 2.8 215 105 0.96 0.73 31.5 10.8 29.2 14.4 13.9 0.2
1Methane (Ci); 2G ases (C2 -C4 ); 3Gasoline (C5 -C8 ); 4Kerosene (C9 -C13); 5Gases + Oil (C14-C2 2 ); 6Waxes (C2 3 -C3 6 ) 
7GOGI» “gas/oilgenerative index" **1 + 2 /  3 + 4 +{> + 6
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Figure 31. Histogram of GOGI values from pyrolysis-gas chromatography analysis
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average of 13.1% in all samples except for the coaly shale at 12150 ft (3703 m)
(TOC= 16.94%) in MEc where the low molecular weight gas fraction comprised 48.9% of 
the pyrolysate. Gasoline range compounds range from 16.8 to 29.2% and average 21.7% 
except in the Upper Wilcox MEc sample at 12150 ft (3703 m) with 9.7%, and ME at 12210 
ft (3722 m) with 35.3% gasoline range compounds. Kerosene compounds in Wilcox shale 
pyrolysates range from 14.0 to 19.3% and average 15.5%. Again, the sample at 12150 ft 
(3703 m) is unusual with a lower kerosene content of 10.3%. Gas+oii transition 
compounds show a large range from 10.7 to 30.6% and average 20.9%. Wax-disdllate 
compounds range from 0.2 to 8.3%, and average 2.9% of the pyrolysate in Wilcox 
samples.
Lower Claiborne Group
One Cane River shale from northern St. Landry Parish (MEc), and eight Sparta 
shales from southern Pointe Coupee (CWD, CWJ, CWG) and St. Landry Parishes (O'CB) 
were subjected to Py-GC analysis (Table 8 ). K2  values of lower Claiborne samples are 
generally similar to S2 values from programmed pyrolysis except for the sample from 
11515 ft (3510 m) in CWG where the K2  of 3.41 mg HC/g rock is about half of the S2 
value of 6 .21  mg HC/g rock. Most lower Claiborne K2  values range from 2.66 to 10.14 
mg HC/g rock. The coaly shale at 11496 ft (3504 m) (TOC = 14.80%) in CWG has an 
extremely high K2  value of 46.18 mg HC/g rock. GOGI values of all the analyzed lower 
Claiborne shales range from 0.28 to 0.55, but typically occur within a small range between 
0.35 and 0.39.
Bulk compositions determined from pyrolysis-gas chromatograms of lower Claiborne 
samples indicates that methane typically makes up from 14.9 to 22.1% of the pyrolysate 
(Figure 32). An exception is the Cane River pyrolysate from MEc at 10440 ft (3182 m) 
(Table 8). This single Cane River sample is from northern St. Landry Parish, and the
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Sparta py-GC samples were deposited 50 miles (80 km) south, in southern Pointe Coupee 
Parish. The Cane River sample generates more methane and gasoline range (C5 -C8 ) 
hydrocarbons, but very small amounts of gaseous (C2 -C4 ) hydrocarbons compared to the 
Sparta samples downdip. Southern Pointe Coupee Sparta samples generated gases making 
up 9.2 to 13.3% of the pyrolysate, but the Cane River sample had only 0.5% gases. 
Gasoline range compounds comprise 14.3 to 22.9% of the pyrolysate in Sparta Formation 
samples. Cane River and Sparta shale pyrolysates in have kerosene compounds ranging 
from 1 1.5 to 18.2%, averaging 15.6%. Gas+oil transitional compounds comprise 28.1 to 
33.5% of all Sparta samples. The Cane River sample has only 22.6% gas+oil range 
compounds. Sparta shale pyrolysates are rich in high molecular weight wax-distallate 
compounds, ranging from 4.5 to 12.1% of the total pyrolysate. The Cane River shale 
pyrolysate is much lower than the Sparta with wax-distallates of 1.0%.
Kerogen Assessment
VKA results and R0 measurements of Wilcox and lower Claiborne kerogens are 
presented in Table 9 for the samples examined at EPR, and Table 10 for the samples 
examined at Geochem Labs for BRI. Rq values for samples examined at BP Exploration 
(BP) (Table 11) included Upper Wilcox samples from Allen Parish (MRL), Lower Wilcox 
(MK) and lower Claiborne (CWD, CWG) samples from southern Pointe Coupee Parish, 
and lower Claiborne (O'CB) from southern St. Landry Parish BRI samples included 
Wilcox samples from Allen (MRL), southern Pointe Coupee (TK, S8S, S2S, MK) and 
Livingston Parishes (CT). EPR samples included Wilcox samples from Allen Parish (AM, 
AB), northern St. Landry Parish (SW), southern Pointe Coupee Parish (TO, MK), West 
Baton Rouge Parish (AW), and Livingston Parish (FM, ABH). Additional Sparta and 
Wilcox results for samples from Allen Parish and southern Pointe Coupee Parishes 
examined using Hart's (1979; 1986) maceral classification system are from Chinn et al. 
(1989), Gregory et al. (1991) and Gregory (1991). Only VKA results and Rq data from
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Table 10: BRI Kerooen Data
del 13 ‘visual Keroqen Assessment*
Well Name Depth (ft) Depth (m) %Ro Keroqen Am H W I Res Bit
MRL 12733 3881.0 0.45 •26.9 5 10 10 10 30
MRL 12786 3897.2 0.55 •26.8 10 20 40 10 20
NFL 1286C 3919.7 n.d •26.8 tr 20 60 10 10
MRL 12888 3928.3 0.57 -26.7 60 10 15 5 10
MRL 12935 3942.6 0.51 •26.8 20 10 45 5 20
MRL 12961 3950.5 n.d •26.8 20 10 45 5 20
NFL 13061 3981.0 n.d -26.8 10 20 60 10 tr
MRL 13108 3995.3 0.60 -26.8 tr 30 50 10 tr
NFL 13161 4011.5 0.63 n.d. 10 40 40 10 -
NFL 13161 4011.5 0.58 -26.3 10 20 50 10 tr
CWD 11135 3393.9 0.44 -26.1 30 30 30 -
CWD 11178 3407.1 0.40 -26.3 50 20 20 -
CWG 11497 3504.3 0.41 •26.3 60 10 10 - tr
CWG 11515 3509.8 0.40 -26.3 70 10 10 -
LNB 13345 4067.6 0.44 n.d. 60 15 15 10
TK 11581 3529.9 0.38 n.d. tr 30 60 10
S8S 13138 4004.5 0.39 n.d. 75 5 10 10
S8S 13258 4041.0 0.40 n.d. AO 10 40 10
S8S 13632 4155.0 0.49 n.d. 30 20 40 10
S8S 13795 4204.7 0.51 n.d. 35 10 45 10
S8S 13246 4037.4 0.54 n.d. 10 20 50 20
S8S 13641 4157.8 0.69 -24.9 10 10 50 30
S2S 13822 4212.9 0.42 n.d. 10 30 40 20
NK 14249 4343.1 0.53 -26.4 50 10 30 - 10
NK 14260 4346.4 0.54 n.d. 70 10 10 -
CT 10230 3118.1 0.41 n.d. 10 30 40 20
* Am- Amorphous W- Woody Res- Resin
H- Herbaceous I- Inertinite Bit- Bitumen
Table 11: BP Kerooen Data
del 13
Well Name Depth (ft) Depth (m) %Ro Keroqen
MRL 12888 3928.3 0.57 -26.5
MRL 12965 3951.7 0.56 -26.7
NFL 13161 4011.5 0.63 n.d.
2 O’C 11496 3504.0 0.49 -26.2
2 O'C 11624 3543.0 0.53 n.d.
CWD 11179 3407.2 0.46 n.d.
CWG 11497 3504.3 0.45 -26.0
NK 14248 4342.8 0.69 -26.2
NK 14260 4346.4 n.d. -25.9
NK 14272 4350.0 n.d. -26.0
2 C-Z 14120 4303.8 0.72 n.d.
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EPR, BF and BRI are presented in the following section. Carbon isotope data for isolated 
kerogen samples will be discussed in a later section.
Allen Parish—Lower Wilcox to Upper Wilcox
VKA (BRI) results for Upper Wilcox samples from 12733 to 13161 ft (3881-4011 
m) in MRL indicate dominance of the kerogen assemblage by woody (40-60%) and 
herbaceous (20-40%) kerogen through most of the interval. Resin content ranges from 
trace amounts to 20% in most samples, but is dominant (30%) at 12733 ft (3881 m). 
Amorphous kerogen occurs in trace amounts to 10% in most samples, but makes up 20% 
of the assemblage at 12961 and 13061 ft (3951-3981 m), and is dominant (60%) at 12888 
ft (3928 m). MRL R0  (BRI) values increase from 0.45% at 12733 ft (3881 m) to 0.58% at 
13161 ft (4011 m). R0 (BP) values increase from 0.57% at 12888 ft (3928 m) to 0.63% at 
13161 ft (4011 m). VKA of MRL Upper Wilcox samples show a good correspondence of 
% Am- kerogen with higher HI values, and high % W- kerogen with low HI (e.g. Sassen, 
et al., 1988; Sassen, 1990).
Upper and Middle Wilcox VKA (EPR) samples from AM (12823-14325 ft; 3908- 
4366 m) and AB [12577-12580 (3833-3834 m); 15034-15377 ft (4582-4687 m)] contain 
moderate amounts (11-32%) of amorphous-III kerogen, but are otherwise dominated by 
plant tissue (36-47%). The rest of the assemblage consists of 6-16% fungal debris, 9-17% 
vitrinite, and 5-10% inertinite. All isolated kerogen samples from Allen Parish examined at 
EPR have 6 6 -8 8 % fluorescence. Ro (EPR) values average 0.62% in the Upper Wilcox 
from 12577 to 14325 ft (3833-4366 m) and 0.83% in the Middle Wilcox at depths from 
15034 to 15377 ft (4582-4687 m).
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Northern St. Landry Parish—Lower Wilcox
The Lower Wilcox shale sample from SW in northern St. Landry Parish is one of the 
few Wilcox samples with recognizable (5%) amoiphous-I kerogen (EPR). It has 27% 
amoiphous-III kerogen, 36% plant tissue, and low amounts (5-9%) of other kerogen 
types. 66-80% of the kerogen fluoresces. The Ro value is 0.52%.
Southern Pointe Coupee and St. Landry Parishes—Lower Wilcox to Lower Claiborne
In southern Pointe Coupee Parish, VKA (BRI) analysis indicates that amorphous 
kerogen is abundant (30-70%) in Upper Wilcox shales at 13138 to 13258 ft (4004-4041 m) 
in S8S, and in Lower Wilcox samples at 14249 and 14260 ft (4343-4346 m) in MK. Other 
Upper Wilcox shales contain much less (trace to 10%) amorphous kerogen. Woody 
kerogen is abundant (40-60%) in all southern Pointe Coupee samples except S8S at 13138 
ft (4004 m) and MK with only 10 to 30% woody kerogen. The rest of the assemblage 
consists of herbaceous kerogen (5-30%) and inerdnite (10-30%). The Upper Wilcox VKA 
(EPR) sample in TD has low (13%) amorphous-III kerogen, and is dominated by plant 
tissue (50%) and vitrinite (19%). Only 5-10% of the TD kerogen fluoresces. Additional 
VKA (EPR) samples from MK have 0-5% amorphous-I and 24-27% amoiphous HI 
kerogen. Plant tissue (36-47%) and vitrinite (12-14%) dominate the rest of the assemblage. 
The Kimball VKA (EPR) samples have 66 -88% fluorescence.
Upper Wilcox R0 (BRI) values range from 0.38% at 11581 ft (3530 m) in TK to 
0.69% at 13795 ft (4205 m) in S8 S. Samples at 13138 (4004 m) and 13258 ft (4041 m) in 
S8 S have lower Rq (BRI) values of 0.39% and 0.40%. Lower Wilcox Rq (BRI) values in 
MK at 14249 (4343 m) and 14260 ft (4346 m) are 0.53% and 0.54%. The Ro (BP) value 
at 14248 ft (4343 m) is 0.69% for MK. Rq values are probably so variable due to 
inconsistencies between laboratories in R0 determinations. Rq (EPR) for the Upper Wilcox
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at 11956 ft (3644 m) in TD is 0.53%. For the Lower Wilcox, Rq (EPR) averages 0.57% 
for the MK samples at about 14240 ft (4346 m).
VKA (BRI) of lower Claiborne samples from 11135 to 11515 ft (3394-3510 m) in 
CWD, CWG and LNB reveals that they contain significantly more amorphous kerogen 
(30-70%) than most Wilcox samples. Inertinite is absent, and the bulk of the assemblage 
consists (10-30%) each of herbaceous and woody kerogen. Additional VKA (EPR) of the 
kerogen assemblage in OCB, CWG, and CWJ is similar, with 4-5% amorphous-I kerogen, 
27-40% amorphous-in kerogen, and 30-40% plant tissue. Other kerogen types occur in 
quantities less than 10%. Kerogen from the marine shales underlying the Sparta B sand in 
CWG and CWJ has 66-88% fluorescence by VKA (EPR). Samples from the upper shale 
above the sand in CWG have 11-25% fluorescence, and those from the upper Sparta (bay 
facies) in O’CB have only 5-10% fluorescence. Lower Claiborne Ro (BRI) values average 
0.43%. Ro (EPR) values are somewhat higher, averaging 0.48%. Ro (BP) values range 
from 0.44% to 0.53%, overlapping, and ranging higher than data from other labs.
West Baton Rouge Parish—Upper Wilcox
VKA (EPR) analysis of samples at 12553 and 12964 ft (3826-3951 m) in AW 
indicates the kerogen assemblage is similar to Upper Wilcox samples from Allen Parish 
Plant tissue is dominant (42-44%) and amorphous-in kerogen makes up 11-21% of the 
assemblage. Other kerogen types make up between 6 to 16% of the assemblage. 
Amorphous-I type kerogen makes up 5% of the assemblage at 12553 ft (3826 m). The 
sample at 12964 ft has 41-65% fluorescent kerogen, and at 12553 ft (3826 m), is similar to 
Allen Parish kerogen, with 66-88% of the kerogen fluorescent. Ro (EPR) values average 
0.51%.
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Livingston Parish—Upper and Lower Wilcox
VKA (BRI) analysis of an Upper Wilcox sample at 10230 ft (3118 m) in CT reveals a 
similarity with Upper Wilcox samples in southern Pointe Coupee Parish Most of the 
assemblage consists of woody (40%) and herbaceous (30%) kerogen. Twenty percent of 
the assemblage is inertinite, and 10% is amorphous kerogen. The Rq (BRI) value is 
0.41%. One additional Upper Wilcox sample from FM, and two Lower Wilcox samples 
from ABH in Livingston Parish were also subjected to VKA (EPR). All three samples are 
similar, with 24-33% amorphous-III kerogen, 44-47% plant tissue, and 6-12% other 
kerogen types. The main difference between the Upper and Lower Wilcox samples is that 
the Upper Wilcox sample has only 26-40% fluorescent kerogen, but the Lower Wilcox 
samples have 66-80% fluorescent kerogen. Rq (EPR) values for all three samples are the 
same—0.48%.
Vitrinite Reflectance—Summary
Vitrinite reflectance data are plotted with depth for all samples (Figure 33A). Figure 
33B shows measured values for EOM samples. Figure 33C shows the same values for 
GC-MS samples. Ro was estimated from the east-west thermal maturity trends indicated by 
the dashed and solid lines on Figure 33. Ro increases from about 0.45% at 10000 ft (3048 
m) to over 0.80% at greater than 15000 ft (4572 m) in Allen Parish (dashed line). In 
eastern and central Louisiana (St Landry, Pointe Coupee, West Baton Rouge, and 
Livingston Parishes), Ro increases more gradually (solid line), from about 0.42% at 10000 
ft (3048 m) to about 0.58% at 14400 ft (4389 m) depth. There is a good deal of variability 
among samples from the same location, much of which is probably real, as a result of 
differences in thermal maturation of different types OM assemblages. Higher hydrogen OM 
assemblages tend to have lower Ro values than lower hydrogen OM assemblages at the 
same approximate stratigraphic level. Burial histories are similar because of the lack of
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stratigraphic separation. For instance, high hydrogen marine facies of the Lower Sparta 
Fm. in Pointe Coupee Parish have lower Rq values than the low hydrogen facies of the 
Upper Sparta bay shales in S t Landry Parish and the Lower Sparta lagoonal shales o f  
Pointe Coupee Parish (Tables 10 and 11). In addition, some of the variability seems to be 
due to interlaboratory differences. EPR and BP Rq values tend to be lower than BRI Ro 
values by 0.20-0.30 R0  (Tables 9-11).
Bulk Geochemistry of EOM
Results of solvent extraction, bulk geochemical analysis of EOM, and C15+ 
chromatography of EOM at Core Lab for BRI and EPR are presented in Tables 12A and 
12B. Thirteen lower Claiborne shales from southern Pointe Coupee and S t Landry 
Parishes, and 35 Upper through Lower Wilcox samples from Allen, St Landry, Pointe 
Coupee, West Baton Rouge, and Livingston Parishes were extracted. Whole extract and 
C15+ saturate fraction gas chromatograms for Wilcox and lower Claiborne EOM samples 
are presented in Appendix C. Carbon isotope data for the saturate and aromatic EOM 
fractions is discussed with the kerogen isotope data in a later section of this paper.
There is a large difference in total EOM yield between samples extracted for BRI and 
those for EPR (Table 12). EPR samples consistently have much higher EOM and 
hydrocarbon (HC) yield (ppm) than BRI samples, apparently due to the use of the 
methylene chloride + methanol solvent mixture at Core Lab for EPR, as opposed to 
methylene chloride alone at Core Lab for BRI. Consequently, a larger quantity of polar 
non-hydrocarbons and heavy HC were extracted from the EPR samples than from the BRI 
samples. This is confirmed by comparing the total HC yield to total EOM yield for each 
data set. HC makes up about 70.0% of the total extract (BRI), but averages less than 40% 
of the total extract (EPR). Thus, non-hydrocarbons, including asphaltenes + NSOs, mak? 
up 60% of the EPR extract, but only about 30% of the BRI extract. Some of the variation is
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TABLE 12 A: EPR Bulk Geochemistry and C15+ Gas Chromatography
Prop rammed Pvrotysla NEOMI NHC/
Wefl Name Deoth (It) Deoth (m) Tmax %70C SI S2 S3 H a  PI Fto TOC TOC Sat Arom NSO Asoh Pr/Ph CPI Sat Arom
AM* 12805-15 3903.0-06.0 434 4.24 0.63 5 .27  0 .34 125 8 0.11 0.58 14.61 7 .77 32.1 21.1 19.3 27.5 4 .29  1 .12 -29.1 -27.5
AM 12875-81 3924.3-26.1 433 2.56 0 .22 0.97  0 .46 38 18 0 .18 0.50 14.14 8 .68 4 2 .6 18.8 17.8 20.8 3 .29  1.13 •30 .8 -28.2
AM* 13942-77 4249.5-60.2 44 7 3 .06 0 .56 3 .77  0 .50 123 16 0.13 0.67 15.71 7.40 2 4 .9  22 .2 16.9 36.0 3 .95  1.11 •30.0 -27.6
AM* 14382 4383.6 44 9 2.00 0 .36 2.15 0.41 107 20 0 .14 0.66 13.58 6 .87 28 .9 21.7 22.2 27.2 5 .06  1 .16 •29.7 •27.4
AB 13319 4059.6 448 1.57 0.17 1.59 0 .60 101 38  0 .10 0.60 13.87 6 .42 28 .2 18.1 19.8 33 .9 3.61 1.14 -29 .9 •28.3
AB 13295-328 4052.3-62.3 4 47 2.08 0.31 2.99 0 .48 144 23  0 .09 0.60 11.64 4 .27 15.1 21 .6 20.6 42 .7 4 .75  1 .23 •29 .6 -27.2
AB 15031-41 4581.4-84.5 451 1.52 0.21 1.43 0 .28 94 18 0 .13 0.82 12.59 1.31 5 .9 4.5 0.0 89 .6 3 .00  1.15 •29.3 -27.0
AB 15377-82 4686.9-88.4 451 3.01 0.51 3.30 0 .38 110 13 0 .13 0.83 10.09 4 .14 18.1 22 .9 29.2 29.8 3 .69  1.10 -28 .9 -25.9
SW* 13434 4094.7 4 39 4.23 0 .80 10.85 0 .70 256 16 0 .07 0.52 11.48 3 .82 15.0 18.3 25.5 41 .2 5 .67  1.16 -29.5 -27.0
SW* 13445 4098.0 4 36 2.73 0 .39 3 .29  0.41 120 15 0.11 0.52 13.59 3 .70 13.3 13.9 22.8 50.0 4 .26  1 .18 •29.4 -27.0
O'CB 11429 3483.6 440 1.37 0 .12 1.76 0 .34 128 24  0 .06 0.49 6.93 2 .72 18.1 21.0 31.9 29.0 4 .62  1 .42 •28.5 -26.9
O'CB* 11464 3404.2 4 39 2.18 0.19 3 .86  0.61 177 27  0.05 0.51 7.02 2.90 16.2 23.1 26.2 32.5 6 .04  1.33 -28 .4 •26.9
CWJ* 11448 3489.4 433 2.52 0 .36 1.39 0 .50 55 19 0.21 0.50 12.88 5 .09 25 .9 13.6 26.5 34.0 3 .37  1 .33 -28 .9 -27.0
CWG* 11483 3500.0 427 2.54 0 .39 2.99 0 .34 117 13 0 .12 0.49 13.64 6 .10 28 .0 16.7 28.0 27.3 3 .08  1 .33 •28 .9 •27.1
CWG* 11522 3511 .9 433 2.61 0.31 6.81 0 .64 260 24  0.04 0.45 15.57 4 .98 12.0 20.0 24.7 43.3 5 .33  1 .37 -28 .6 -26.9
TD* 11949 3642.1 427 4.33 0.45 4.72  0 .78 109 18 0 .09 0.53 16.92 3 .08 9.1 9.1 21.9 59 .9 3 .85  1 .25 -29 .6 -27.2
TD 11956 3644 .2 439 2.22 0 .29 2.28 0.41 102 18 0.11 0.53 8 .67 2 .24 10 .9 14.9 25.9 48.3 3 .76  1 .24 -29.1 -27.4
MK* 14232 4337.9 44 6 2.12 0 .59 4 .32  0.31 203 14 0 .12 0.58 13.81 5 .90 24 .3 18.4 19.4 37 .9 3 .4 6  1 .28 -28 .3 -26.8
MK* 14234 4338.5 444 3 .58  0.76 9.01 0 .42 251 11 0 .08 0.58 8.40 3 .68 22 .4 21.4 20.7 35 .5 5 .54  1 .33 -29.1 •26.9
MK* 14257 4345.5 444 4.50 0 .75 12.25 0 .47 272 10 0 .06 0.56 11.01 4 .36 15.4 24.2 21.7 38 .7 5 .29  1.25 •29.0 •26.8
AW* 12553-65 3826.2-29.8 437 1.20 0 .13 1.19 0 .48 99 40  0.10 0.50 10.87 3 .93 20 .0 16.2 21.0 42 .8 2 .22  1.35 -29 .6 -28.6
AW 12964-71 3951.4-53.5 437 0 .99  0.13 1.31 0 .22 132 22  0 .09 0.51 10.17 4 .33 21 .3 21.3 22.7 34.7 3 .9 8  1 .29 •30.0 •28.4
FM* 10234-43 3119.3-23.5 436 1.91 0.10 3.32  0 .64 174 34  0.03 0.48 11.49 3 .45 16.7 13.3 36.7 33 .3 2 .58  1.43 n /d -27.8
ABH* 13319-70 4059.6-75.2 440 1.85 0.30 3 .26  0 .73 176 40  0 .08 0.48 12.59 4 .44 15.7 19.6 27.5 37 .2 5 .94  1 .36 -29.5 •27.2
* also subjected to GC-MS analysis
s
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TABLE 12 B: BRI Bulk Geochemistry and C15» Gas Chromatography
Programmed Pyrotvsta %EOW %HC/
Well Noma Deolh (III Oedh (ml Tmax %T0C SI S2 S3 h a  n  Fto TOC TOC Sal Arom NSO Asoh Pr/Ph CPI Sal Arom
M l 12733 3881.0 436 1.07 0 .26 1.55 0 .27 144 53 0 .14 0.45 2.88 1.93 37.3 29 .8 32.1 0 .8 5 .89 1.26 •30.3 •27.6
MRL 12786 3897 .2 437 0.98 0.15 1.14 0 .40 1 .6 40  0 .12 0 .55 2.98 2 .00 39.6 27 .6 32.1 0 .7 4 .99 1.31 -30.7 •28.1
MRL 128S8 3919.1 435 0 .76  0 .18 1.08 0 .33 142 43 0 .14 0.55 7.53 5 .76 42.7 3 3 .9 22.2 1.2 4 .42 1.13 •29.2 -27.1
HPL 12877 3924 .9 436 1.70 0 .58 3.11 0 .34 182 20 0 .16 0.56 3.14 2.18 36.6 32 .8 27.7 2 .9 5.91 1.18 •29.3 -27.1
MRL 12888 3928 .3 435 2.00 0 .47 3 .4 6  0 .48 173 24 0 .12 0 .57 2.90 2.10 40.6 32 .0 26.3 1.1 6 .87 1.23 •29.5 -27.3
m . 12933 3942.0 435 2.23 0.61 3 .8 7  0 .38 173 17 0 .14 0.51 2.00 1.37 38.9 29 .3 28.3 3 .5 6 .35 1.26 -29.8 •27.3
MRL 12958 3949.6 437 0.82 0 .14 1.08 0 .70 131 85 0.11 0 .56 3.80 2.67 41.1 29.1 26.6 3 .2 5 .97 1.29 -30.0 -27.7
m . 13061 3981.0 433 0 .77  0.11 0 .8 4  0.31 109 40 0 .12 0.59 3.51 2.40 39.0 29 .3 28.0 3 .7 4.65 1.20 •29.9 -27.4
M l 13108 3995 .3 440 0.61 0 .10 0 .9 4  0 .26 154 42  0 .10 0 .60 3 .49 2.26 40.8 23 .7 33.3 2 .2 4 .89 1.23 -29.7 •27.5
MRL 13161 4011.5 433 2.46 0 .58 3 .40  0 .44 138 17 0 .15 0 .58 0 .94 0.61 31.3 3 3 .8 29.5 5 .4 5.75 1.25 •30.2 -27.1
MRL 15478 4717 .7 448 1.30 0.28 0 .94  0 .32 72 30  0 .23 0.60 3.00 2.03 40.0 27 .7 30 .8 1.5 4.51 1.10 •28.0 -25.7
OCB 11442 3487.5 434 1.83 0.55 4.81 0 .25 262 13 0 .10 0.47 3.55 2.75 44.9 3 2 .4 22 .2 0 .5 4.64 1.52 •28.0 -26.9
o c a 11496 3 504 .0 426 1.91 0 .67 5 .0 6  0 .22 264 11 0 .12 0 .49 6 .06 3 .93 28.7 3 6 .2 27.6 7.5 6 .72 1.40 •28.8 •26.9
O'CB 11604 3536 .9 433 1.98 0.25 4 .0 7  0 .47 205 23 0 .06 0.49 2.39 1.76 30.7 4 2 .9 23.8 2 .6 7.33 1.50 -28.2 -26.8
OCB 11624 3543.0 428 2.22 0 .66 6 .0 2  0 .26 271 11 0 .10 0.49 3 .27 1.91 23.2 3 5 .2 29 .6 12.0 6 .09 1.59 •28.4 -26.6
cm© 11136 3394.3 433 1.14 0 .37 1.87 0 .26 164 22  0 .17 0 .44 3 .77 2 .14 25.7 31 .0 32 .7 10.6 5 .19 1.37 -28.8 •27.0
CViO 11178 3407.1 431 2 .69 0 .77 10 .15  0 .46 377 17 0 .07 0 .40 2.46 1.70 29.1 40.1 24.2 6 .6 6.40 1.33 -28.2 -26.8
CWG 11496 3504 .0 431 1.71 0 .49 5 .3 9  0 .37 315 21 0 .08 0.41 2.70 1.87 30.3 38 .8 25.8 5.1 6 .09 1.38 •28.3 •26.6
CWG 11515 3509 .8 432 2.64 0.53 9 .80  0 .45 371 17 0 .05 0 .40 3 .29 1.99 23.4 37 .0 32.3 7 .3 6 .95 1.38 -28.9 -26.8
SBS 13246 4037.4 434 1.02 0.71 1 .88 0 .33 250 44  0 .27 0.40 5.43 3 .86 61.9 9 .2 27.6 1.3 2 .78 1.31 -28.1 -27.1
S8S 13641 4157 .8 434 0 .87  0 .32 1.28 0 .40 320 100 0 .20 0 .4 9 4 .06 2 .97 61 .7 11.3 26.4 0 .6 2.91 1.12 •27.9 •26.9
MK 14247 4342.5 438 4 .27 1.16 11 .70  0 .24 274 5 0 .09 0 .53 1.91 1.48 47.3 30 .3 21.1 1.3 4 .79 1.31 -28.6 -26.8
M< 14260 4346 .4 436 3.55 1.38 9 .1 8  0 .23 258 6 0 .13 0 .54 4.14 3 .05 43.6 30 .0 20.4 6 .0 4 .59 1.31 -28.7 -26.8
M< 14266 4348.3 439 2.39 1.59 5 .0 6  0.31 211 12 0 .24 0 .54 5 .54 4 .10 41.8 32 .4 20.7 5.1 6.21 1.14 •28.9 -26.8
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also attributable to the slightly higher organic richness o f the EPR samples. Because of 
these differences, most EOM results will only be compared quantitatively to other results 
within the data set (EPR or BRI) to which it belongs.
Total EOM is reported here as %EOM/TOC (TOC from programmed pyrolysis), and 
total HC is reported as %HQTOC. %EOM/TOC and %HC/TOC values for Wilcox and 
lower Claiborne samples are similar, but Wilcox samples range higher, when compared to 
other samples within a single data set %EOM/TOC and %HQTOC are observed to 
increase with increasing thermal maturity as determined by Ro (Figure 34). The dashed 
lines in Figure 34 mark possible thermal maturation paths representing the increase in 
extractable OM present in the shale as petroleum is generated from the kerogen. Only the 
Allen Parish samples at about 15000-15300 ft (4572-4663 m) in AB exhibit any sign of 
decrease in EOM and HC yield with increasing thermal maturity.
C15+ fraction data (EFR and BRI) of Wilcox and lower Claiborne EOM (Table 12) 
are presented graphically in Figure 35 for Wilcox EOM and lower Claiborne EOM. C15+ 
fraction results are also affected by differences in laboratory procedures. For Wilcox EOM 
(EPR), asphaltenes typically make up 20.8 to 89.6% of the EOM, averaging 37.63%; for 
Wilcox EOM (BRI), asphaltenes make up 0.60 to 6.0% of the EOM, averaging only 
2.53%, more than ten times less on average than EPR samples.The large variations in 
asphaltene yields, observed even in closely spaced samples from single wells (e.g. CWG 
and MK) that were processed in two ways (Core Lab for BRI and EPR), is more evidence 
that the EPR extraction procedures removed relatively more heavy hydrocarbon and non­
hydrocarbon asphaltenes from EPR rock samples than the BRI procedure. Generally 
similar Wilcox and lower Claiborne saturate/aromatic ratios (EPR: 0.06-2.27, average: 
1.13; BRI: typically 0.93-1.72, average: 1.54) suggest that the more complete asphaltene 
extraction yield may be the major difference between the two data sets, and that additional 
geochemical results based on EOM (biomarkers, carbon isotope ratios) are probably
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Figure 35. Graphic representation of C15+ EOM fractions
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comparable, especially if using ratios to depict relative quantities o f specific saturate and 
aromatic compounds, and not NSOs or asphaltenes.
C15+ saturate fraction chromatograms are similar for EPR and BRI samples, but EPR 
chromatograms are more strongly bimodal, with prominent peaks around n-Cis and around 
n-C2 5 . EPR’s extraction procedure may have selectively removed a greater quantity of 
heavier compounds for analysis. In general, the chromatograms show characteristics of 
increasing maturity and oil-like character with age, with depth, and with location, from east 
to west across south Louisiana. Sparta chromatograms (O'CB, CWJ, CWD, CWG, LNB) 
are immature with limited development of n-alkanes. Upper Wilcox (TD, S8 S, AW, FM), 
and Lower Wilcox (SW, MK, ABH) chromatograms from eastern and central Louisiana 
are progressively more mature with greater development of n-alkanes with greater burial 
and thermal maturity. Upper WX chromatograms from MRL in Allen Parish are less oil­
like in character than eastern Louisiana samples, but the more organic-rich Allen Parish 
samples (AM and AB) are the most oil-like of the data set
SAT/AROM, Pr/ Ph, and CPI ratios calculated from integrated area percentages from 
the Ci 5+ gas chromatogram do not appear to be greatly affected by the differences in 
laboratory procedures (Table 12). All three ratios are strongly affected by thermal maturity. 
Pr/Ph and CPI appear to be also affected by differences in organic facies. In the 
SAT/AROM versus Ro plot (Figure 36A), lower maturity Sparta samples with Ro<0.5% 
show SAT/AROM<1.0, and Wilcox samples with R0  >0.5% show SAT/AROM in the 0.6- 
1.5 range. At lower thermal maturity levels (<0.50%), Pr/Ph and CPI tend to be the highest 
of all samples. Pr/Ph of most Lower Tertiary EOM samples decreases from about 7.0 to 
about 3.5 with increasing Rq (Figure 36B); in contrast, Upper Wilcox EOM samples from 
central and east Louisiana have unusually low Pr/Ph ratios that average 3.0. Lower Sparta 
CPI from central Louisiana are tightly concentrated between 1.3-1.4 (Figure 36C). Upper 
Sparta CPI range higher, from 1.3-1.6. Upper and Lower Wilcox samples have CPI from
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1.1-1.4 at R0 of 0.49-0.60%. Above Ro=0.60%, Wilcox EOM from Allen Parish has CPI 
from 1.1- 1 .2 .
Gas Chromatography-Mass Spectroscopy "Biomarkers"
Results o f sterane, triteipane, and triaromatic sterane biomarker analyses for this 
study are listed in Tables 13 and 14 for samples from BP, and Core Lab for EPR. 
Biomarker ratios usually fall within similar ranges for each of the laboratories, and no clear 
difference is apparent for most biomarker ratios. An exception to the similarity in results 
from the different laboratories is the C29 hopane/C30 hopane biomaricer ratio. BP samples 
have up to two times the quantity of C29 hopane relative to C30 hopane as EPR samples, 
but the reason for this difference is unclear.
Certain triterpane, sterane, and triaromatic sterane ratios are observed to change with 
increased thermal maturity as certain compounds are changed by thermal stress. The 
triterpane biomarkers ratios Ts/Tm, bisnorhopane/C3o hopane (B/C30), and oleanane/C3o 
hopane (O/C30) show no apparent segregation according to laboratory, but do appear to be 
strongly affected by thermal maturity level (Figure 37). Ts/Tm increases from about 0.1 to 
over 1.20 at %Rq values from 0.40-0.68%. Bisnorhopane and oleanane are less stable than 
C30 hopane, so that B/C30 and O/C30 decrease over the same %Ro range. B/C30 is highly 
variable (0.07-0.8) at low maturity levels (0.4-0.5% Ro), but decreases to less than 0.1 at 
an %Rq of 0.68%. C/C30 is also more variable at shallow depths, ranging from 0.12-0.49 
at low maturity levels, and decreasing to about 0.1 at higher maturity levels. At Rq = 
0.64%, the upper Cretaceous sample from Livingston Parish has an usually high O/C30 
ratio of 0.47. Two C29 sterane epimer ratios: C29 a a a  2OS/C29 acta 20R (20S/20R) and 
C29 a a a  20S/(C29 a a a  2 OS+C29 a a a  20R) (20S/20S+20R), are also observed to 
increase with increasing Rq, as 20R is generated with increasing maturity level (Figure 38). 
20S/20R increases from about 0.18 to more than 0.60, and 20S/20S+20R increases from
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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Table 13 A: EPR Sterane Data
Depth, Depth, Sum Sum Sum 20S/ 20S/ BB/ BB/
Well ft m Ro* %TAS C27 C28 C29 20R 20S+20R BB+aa aa
AM 12810 3904.5 0.58 39.29 24 15 61 1.17 0.54 0.33 0.50
AM 13955 4253.5 0.67 58.33 28 7 65 1.70 0.63 0.36 0.56
AM 14380 4383.0 0.66 71.43 18 15 66 2.08 0.68 0.32 0.47
SW 13434 4094.7 0.52 22.73 24 24 52 1.13 0.53 0.46 0.85
9 N 13445 4098.0 0.52 26.67 24 19 57 0.39 0.28 0.38 0.62
0*CB 11464 3494.2 0.51 9.46 26 16 58 0.49 0.33 0.23 0.29
CWJ 11448 3489.4 0.50 16.95 27 11 62 1.14 0.53 0.45 0.83
CWG 11483 3500.0 0.49 16.67 25 18 57 0.37 0.27 0.32 0.48
CWG 11522 3511.9 0.45 12.20 24 17 59 0.35 0.26 0.36 0.56
TO 11949 3642.1 0.53 21.57 24 15 62 0.49 0.33 0.32 0.47
M K 14232 4337.9 0.58 30.30 28 12 60 1.10 0.52 0.38 0.60
M< 14234 4338.5 0.58 19.23 26 14 60 1.06 0.51 0.42 0.72
M< 14257 4345.5 0.56 24.24 27 14 58 1.09 0.52 0.41 0.68
AW 12603 3841.4 0 . 5 0 10.98 24 15 60 0.62 0.38 0.39 0.65
FM 10238 3120.5 0.48 20.00 20 8 72 0.15 0.13 0.47 0.89
ABH 13319 4059.6 0.48 18.97 26 12 62 1.03 0.51 0.41 0.71
Table 13 B: BP Sterane Data
Depth, Depth, Sum Sum Sum 20S/ 20S/ BB/ BB/
Well ft m R3 %TAS C27 C28 C29 20R 20S+20R BB+aa aa
MRL 12927 3940.1 0.57 n.d. 44 19 37 0.78 0.44 0.55 1.22
MEc 10440 3182.1 0 . 4 2 n.d. 40 19 41 0.90 0.20 0.27 0.38
M B s 13410 4087.4 0 . 5 1 n.d. 42 18 40 0.38 0.22 0.36 0.57
O’CB 11496 3504.0 0.49 n.d. 32 19 48 0.22 0.24 0.50 1.01
CWD 11179 3407.4 0 . 4 0 n.d. 37 17 45 0.31 0.28 0.38 0.62
CWJ 11450 3490.0 0 . 5 0 n.d. 32 18 50 0.41 0.22 0.23 0.30
CWG 11497 3504.3 0 . 4 1 n.d. 35 17 48 0.28 0.18 0.17 0.21
TO 11579 3529.3 0 . 5 1 n.d. 32 18 50 0.24 0.29 0.21 0.27
NK 14254 4344.6 0.53 n.d. 42 23 34 0.29 0.47 0.57 1.33
M E 12210 3721.6 0 . 5 3 n.d. 32 16 52 0.28 0.22 0.24 0.31
M B 13420 4090.4 0 . 6 5 n.d. 43 19 38 0.56 0.36 0.48 0.93
* Ro values in italics are estimates
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Table 14 A: EPR Triterpane Data
Well Depth (ft) Depth (m) Ro 24/23 Ts/Tm B/O B/C30 O/C30 C29/C30
AM 12810 3904.5 0.58 0.10 0.51 0.46 0.05 0.10 0.51
AM 13959 4254.7 0.67 0.26 1.21 0.00 0.00 0.03 0.39
AM 14382 4383.6 0.66 0.12 1.20 0.90 0.02 0.03 0.36
SW 13434 4094.7 0.52 0.09 0.55 0.56 0.17 0.31 0.46
SW 13445 4098.0 0.52 0.14 0.54 1.06 0.19 0.18 0.47
O-CB 11464 3494.2 0.51 0.15 0.20 0.20 0.03 0.14 0.68
CWJ 11448 3489.4 0.50 0.32 0.31 1.44 0.14 0.10 0.48
CWG 11483 3500.0 0.49 0.24 0.20 1.07 0.20 0.19 0.59
CWG 11522 3511.9 0.45 0.14 0.17 0.83 0.25 0.30 0.64
TD 11949 3642.1 0.53 0.25 0.13 2.43 0.18 0.07 0.79
M< 14232 4337.9 0.58 0.31 0.38 0.74 0.06 0.08 0.47
M< 14234 4338.5 0.58 0.16 0.52 0.49 0.05 0.10 0.46
NK 14257 4345.5 0.56 0.15 0.37 0.72 0.08 0.11 0.46
AW 12603 3841.4 0 . 5 0 0.36 0.17 2.14 0.20 0.09 0.60
FM 10238 3120.5 0.48 0.32 0.38 2.84 0.65 0.23 0.66
ABH 13322 4060.5 0.48 0.09 0.35 0.99 0.15 0.15 0.52
Table 14 B: BP Triterpane Data
Well Depth (ft) Depth (m) Ro 24/23 Ts/Tm B/O B/C30 O/C30 C29/C30
M i 12888 3928.3 0.57 N.D. 0.52 0.61 0.06 0.10 0.72
H E c 10440 3182.1 0 . 4 2 N.D. 0.11 0.56 0.08 0.14 0.74
MEc 13410 4087.4 0 . 5 1 N.D. 0.51 1.64 0.14 0.08 0.77
CCB 11496 3504.0 0.49 N.D. 0.31 0.38 0.19 0.50 0.72
CWD 11179 3407.4 0 . 4 0 N.D. 0.22 2.00 0.82 0.41 0.94
CWJ 11450 3490.0 0 . 5 0 N.D. 0.30 1.37 0.31 0.23 0.59
CWG 11497 3504.3 0 . 4 1 N.D. 0.21 1.17 0.47 0.40 0.28
TD 11579 3529.3 0 . 5 1 N.D. 0.27 3.10 0.33 0.11 0.74
M< 14248 4342.8 0 . 5 3 N.D. 0.44 0.72 0.10 0.14 0.69
H E 12600 3840.5 0 . 5 3 N.D. 0.16 2.99 0.14 0.05 0.83
MS 13420 4090.4 0 . 6 5 N.D. 0.80 1.29 0.07 0.06 0.83
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about 0.40 to greater than 2.00 over the 0.400.68% Rq range in the study area. Triaromatic 
sterane ratios (%TAS; following Wenger et al., 1990) also show changes with increased 
thermal maturity. As Ro increases from 0.45-0.68%, %TAS increases from about 10 to 
more than 60% (Figure 39).
B/O ratios appear to be mosdy independent of thermal maturity effects, but do show 
strong associations according to depositional facies. Upper Wilcox, Lower Wilcox and 
Sparta EOM families are apparent in eastern Louisiana (St. Landry, Pointe Coupee, W. 
Baton Rouge, Livingston Parishes) (Figure 40), and Upper and Middle Wilcox samples 
make up their own lower B/O family in Allen Parish in western Louisiana. B/O for Upper 
Wilcox shales in eastern Louisiana are quite high, averaging over 2.50%. Other B/O values 
are less than 1.50. Lower Wilcox samples from Livingston and Pointe Coupee Parish 
occur in a narrow range between 0.25-0.75. Lower Sparta shales from southern Pointe 
Coupee Parish have B/O between 0.75 and 1.50. Upper Sparta shales from southern St 
Landry Parish have low B/O ratios less that 0.50. Wilcox samples from Allen Parish, have 
B/O values that span the low end from 0-1.25.
Normalized quantities of Q1T&2&Q19 steranes from lower Claiborne and Wilcox 
EOM are shown in a triangular plot in Figure 41. Substantial overlap is observed in 
C27:C28:C29 of Wilcox and Sparta extracts from the two laboratories, indicating that 
relative sterane quantities are being measured with some consistency. Wilcox and Sparta 
shale extracts generally have C27/C28 ratios that are similar, at about 1.86 ±  0.58, but 
Sparta samples are more enriched in C29 steranes than Wilcox extracts, possibly as a result 
of a lower thermal maturity. No clear regional difference in Czi-Cz&'-Cy) sterane biomarker 
ratios is apparent in either Wilcox or lower Claiborne 
shales.
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Carbon Isotopes of Kerogen and EOM
Seven lower Claiborne and 21 Wilcox isolated kerogen samples were analyzed at BP 
and Core Lab for EPR to determine carbon isotope composition (Tables 9 ,10, and 11). 
Isotope results for 15 additional isolated kerogen samples from the same sample suite that 
were previously reported in Sassen (1990) are also discussed here. Carbon isotopic 
determinations for EOM saturate and aromatic fractions were made for 5 lower Claiborne 
and 19 Wilcox EOM samples at BP and EPR. Lower Claiborne and Wilcox EOM saturate 
and aromatic fraction isotopes are summarized in Table 12. Additional carbon isotope 
values for 8  Sparta and 17 Wilcox EOM saturate and aromatic fractions from Sassen (1990) 
are also part o f the same sample suite.
The range of carbon isotopic values for all analyzed Wilcox and Sparta kerogens 
(S^Cker) is -27.3 to -24.9 (Tables 9-11). Overall, Wilcox and Sparta kerogen samples 
were obtained over a 5200 ft (1585 m) depth range from 10200-15400 ft (3109-4694 m), 
and are observed to become isotopically heavier with depth. 8 13Cker values also appear to 
be influenced by a strong regional effect (Figure 42). In Allen Parish (MRL, AM, AB), 
8 13Ckcr of Wilcox kerogens shows the greatest variability with values ranging from -27.1 
to -25.6 o/oo. Wilcox kerogens from south-central Louisiana (MK, TD, TK, S2S, S8 S, 
SW, AW) have intermediate 8 13Ckcr of -26.4 to -25.9 o/oo, with the exception of one 
heavier value, [-24.9 o/oo: S8 S at 13641 ft (4158 m)]. Wilcox kerogens from Livingston 
Parish (FM, ABH) are isotopically lighter than the south-central Louisiana Wilcox kerogen 
with 8 13Ckcr values that range from -27.1 to -26.4 o/oo. Livingston and Allen Parish 
kerogens are similar isotopically. Sparta kerogens from Pointe Coupee Parish (O'CB, 
CWG, CWJ, CWD, LNB) are similar to Wilcox kerogen from the same area with 8 13Cker 
values that range from -26.3 to -25.7 o/oo.
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Carbon isotope values of the saturate fraction (8 13C sat) of all analyzed EOM samples 
range from -30.8 to -27.9 o/oo (Table 12). Aromatic fraction carbon isotopes (8 13Caiom) 
range from -28.6 to -25.7 o/oo (Table 12). A histogram grouping all of the isotope values 
of Wilcox and Sparta kerogen and saturate fractions shows that the kerogens are generally 
3.0 o/oo heavier than the EOM saturate fraction isotopes. As observed with the Allen 
Parish Wilcox kerogen, Wilcox EOM fractions from Allen Parish (MRL, AM, AB) 
demonstrate the greatest variability in carbon isotopic values with 8 13Csat values ranging 
from -30.7 to -28.0 o/oo and 8 13Carom values from -28.3 to -25.7 o/oo. South central 
Louisiana (S8 S, MK, TD, SW, AW) Wilcox EOM 8 13Csat values range from -29.6 to - 
28.1 o/oo and 8 13Carom range from -27.4 to -26.8 o/oo. Livingston Parish (FM, ABH) 
Wilcox EOM 8 13Csat and 8 13Carom values are lighter than many other EOM fractions, 
ranging from -30.0 to -29.5 o/oo and -28.6 to -27.2 o/oo respectively. South central 
Louisiana (O'CB, CWD, CWG, CWJ) Sparta EOM 8 I3C sat and 8 13Carom values are 
similar to, but somewhat heavier than, Wilcox EOM samples from the same area. Sparta 
EOM 8 13C sat values range from -28.9 to -28.0 o/oo; Sparta EOM 8 13Carom values range 
from -27.0 to -26.6 o/oo.
Figure 42 shows that like Wilcox and Sparta kerogen, 8 13Csat values become 
isotopically heavier with increasing thermal maturity. There is a strong tendency for Wilcox 
EOM of southwest Louisiana to be isotopically lighter than the lower Claiborne and Wilcox 
EOM from south-central Louisiana (Figure 42). The few Livingston EOM samples seem to 
be similar isotopically to Allen Parish EOM than that from south-central Louisiana.
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Source Rock Geochemistry
This section summarizes programmed pyrolysis, Py-GC, and VKA results by Parish 
for the major Upper Cretaceous to lower Claiborne stratigraphic divisions. Geochemical 
results must be interpreted with an awareness of the present-day thermal maturity level 
because organic carbon, hydrogen, and oxygen are lost from die kerogen, and may be 
expelled from the rock during maturation. Thus, organic-rich shales at peak, late, and post- 
mature levels today, had higher TOC, S2 , and HI values in the past, when they were at 
lower thermal history levels, and before any petroleum was expelled. Available thermal 
maturity information (Tmax, PI, Ro) for the south Louisiana Lower Tertiary data set will 
therefore be evaluated first to establish a present-day thermal maturity framework for the 
study area within which other geochemical data can be interpreted. Programmed pyrolysis 
results will then be discussed with regard to organic richness (TOC), hydrogen content 
(S2), and hydrogen versus oxygen richness of the kerogen relative to carbon (HI/OI 
diagrams). GOGI values from Py-GC and VKA results are discussed with respect to the 
apparent oil versus gas-proneness of the kerogen. Results of C15+ gas chromatography 
and GC-MS analysis of EOM, as well as results of carbon isotope analysis of kerogen and 
EOM will mostly be discussed later, in the Oil-Source Correlation section.
Thermal Maturity Framework
Tmax values for Upper Cretaceous samples from 14460-15520 ft (4407-4730 m) in 
the Sabine River Lumber well (SRL) in northern Beauregard Parish show scatter (Figure 
11), probably because TOC and S2 values are so low. Tmax results include some low 
values that probably do not indicate immaturity, and which may even suggest overmaturity 
(Figure 43). Scattered Tmax values were noted by Sassen and Moore (1988) for overmature
1 2 4
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Smackover Formation source rocks in Alabama. Tmax values for the overlying Tertiary 
section also suggest that the Upper Cretaceous thermal maturity level is higher than many 
of the values indicate (Figure 11).
Tmax values are less erratic for the Lower Tertiary in SRL. They generally indicate an 
increase from peak mature to post mature levels over the 9290 to 14380 ft (2832-4383 m) 
interval (Figure 11) as Tmax increases from 441°C to 468°C. The Midway in this well is 
mostly late mature, the Lower Wilcox is peak to late mature, and the Upper Wilcox is at 
peak mature levels today (Figure 43). Lower Tertiary samples from 13300-15160 ft (4054- 
4621 m) in the Boise Southern well (ABS) in southern Beauregard Parish have Tmax 
values that are much less variable than SRL, and with an average Tmax of 443°C, indicate 
that the lower Wilcox-Midway interval is early late mature (Figure 43).
In Allen Parish, the lower Claiborne to Lower Wilcox section in three wells is immature to 
late mature as Tmax increases from 420°C to 448°C over the 5500 ft (1676 m) interval 
(Figure 43). Lower Wilcox samples from the Ragley well (MRL) are peak to post mature at 
present-day burial depths of 14990-15950 ft (4569-4862 m). The Middle Wilcox from 
14109 to 15398 ft (4300-4693 m) in MRL and the Bel (AB) well is at peak to late mature 
levels today. For the Middle Wilcox samples in AB, Rq(EPR) values greater than 0.80% 
indicate higher thermal maturity levels (post mature) than indicated by programmed 
pyrolysis. The high %Ro values may indicate the presence of degraded, reworked kerogen 
with a high apparent thermal maturity level. Upper Wilcox shales are early mature to peak 
mature at depths between 11242 ft (3427 m) and 14427 ft (4397 m) in MRL, Marcantal 
(AM) and AB. Rq(EPR and BRI) values of 0.45-0.67% for the Upper Wilcox in all three 
wells are generally in agreement with Tmax and PI values. Lower Claiborne samples from 
MRL are mostly too organic-lean to evaluate thermal maturity, although the one moderately 
organic-rich sample at 10648 ft indicates an immature level.
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PI values increasing from <0.1 to 0.2% for Echart (MEc) and Martin (SM) well 
samples in northern St. Landry Parish, suggest that Midway samples are at peak maturity, 
Wilcox samples are immature to early mature, and lower Claiborne samples are immature 
(Figure 43) today. Tmax values of cuttings samples from MEc between 440-450°C suggest 
higher thermal maturity levels than PI values. According to MEc Tmax values, Midway 
samples are late mature to post mature, most of the Wilcox is late mature, and the lower 
Claiborne is at peak maturity today. However, in Lower Wilcox core samples from the 
Wolfe (SW) well, only 5 miles from SM, Tmax. PI. and %Rq values are consistent with 
one another (Figure 18), and with both MEc and SM PI values indicating an early to peak 
maturity level. This suggests that T max values for MEc are unreliable and that PI values are 
a more consistent indicator of thermal maturity level for MEc and SM cuttings samples. 
They may indicate the presence of reworked OM eroded from older sediments. Oxidation in 
the depositional environment also degrades OM to produce an artificially high maturity 
measurement (Leythauser, 1973).
T m ax. P I  and %R0 values for Wilcox to Upper Sparta samples from southern Pointe 
Coupee Parish and southern St. Landry Parish are consistent with one another, and indicate 
that Lower Wilcox shales from the Kimball (MK) well are early to peak mature for 
hydrocarbon generation (Figure 43) (average T max = 442°C; average %Ro = 0.58%).
Upper Wilcox shales from Fordoche and Bayou White Fields are early mature, with Tmax 
from 438-450°C. Lower Claiborne shales in southern Pointe Coupee and St. Landry 
Parishes are immature with respect to liquid hydrocarbon generation with Tmax averaging 
432°C. It is interesting to note that Upper Wilcox shales are at similar maturity levels in 
both fields even though those in Fordoche Field are buried about 2000 ft (610 m) deeper 
than those in Bayou White Field.
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In West Baton Rouge Parish, Tmax, PI, and %R0  in the Wilbert (AW) well, are 
consistent with one another, and suggest that the Upper Wilcox is immature to early mature 
with respect to hydrocarbon generation (Figure 43). Tmax averages 433°C in this well.
In the Easterly (ME), Georgia Pacific (MGP), and Smith (MS) wells of northern 
Livingston Parish, Tmax and PI values suggest that Lower Tertiary and uppermost 
Cretaceous rocks are presently early to peak mature at burial depths of about 12500 to 
13500 ft (4115 m) (Figure 43). Tmax values increase from 441 to 448°C over the 1000 ft 
(31 m) interval. To the south, in Lockhart Crossing Field, Livingston Parish, thermal 
maturity level increases from immature (average Tmax = 431°C) in the Upper Wilcox at 
about 10200 ft (3109 m) in the Thom (CT), Morrison (FM) and Erickson wells (CE), to 
early mature in Lower Wilcox shales at about 13200 ft (4023 m) in the Barnett well (ABH) 
(Figure 43) (average Tmax = 435°C). Ro values and PI values are generally in agreement 
with Tmax values (Figure 30).
Beauregard Parish—Upper Cretaceous to Upper Wilcox
Overall, the Upper Cretaceous to Upper Wilcox cuttings samples examined from SRL 
in northern Beauregard Parish have low organic richness and hydrogen content in the 
kerogen. TOC is usually less than 1.0%, and HI is less than 100 mg HC/g TOC. High 
oxygen content in the kerogen suggests a predominance of oxidized, possibly reworked 
kerogen. HI/OI diagrams (Figure 44), suggest that most northern Beauregard Parish 
samples are dominated by gas-prone kerogen. A generally higher TOC interval (with TOC 
up to 2.25%) is noted between 13000 ft (3962 m) and 13400 ft (4084 m), just above the 
Wilcox-Midway boundary, but a corresponding HI increase is not observed. However, S2 
and HI of this interval, and therefore, its marine character may have been higher in the past 
due to its moderately advanced thermal maturity. Some of the variability in Tmax values in 
samples from northern Beauregard Parish may result from significant amounts of oxidized
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and reworked OM in the more proximal depositional setting compared to the more distal, 
presumably deeper water depositional setting in southern Beauregard Parish.
TOC values less than 1.0%, and S2 values less than 2.0 mg HC/g rock indicate that 
Lower Wilcox to Midway samples from ABS in southern Beauregard Parish at 13300 to 
14990 ft have little potential for liquid hydrocarbon generation because of low organic 
content and low hydrogen kerogen. However, HVOI plots indicate better oil-prone 
character in ABS in comparison with the Upper Wilcox to Upper Cretaceous in northern 
Beauregard Parish (Figure 44 A). Higher HI values could be related to the more distal 
position of ABS relative to Lower Tertiary deltaic systems. The lowermost (Midway?) 
sample at 15160 ft in ABS is the only Beauregard Parish sample that does appear to have 
liquid hydrocarbon generative potential, with above average TOC, S2, and Hl/OI values 
indicative of intermediate Type II-II1 kerogen. However, GOGI values and bulk 
composition data from Py-GC of this sample indicates that the sample was slightly 
contaminated, and that the indigenous kerogen is mainly gas-prone with only minor oil- 
prone potential.
Allen Parish—Lower Wilcox to Lower Claiborne
Most of the Lower and Middle Wilcox samples from MRL are organic-lean (average 
TOC = 0.9%) and contain hydrogen-poor kerogen (average S2  = 0.81 mg HC/g rock). 
Between 15400 and 15500 ft depth, TOC contents are somewhat higher (up to 2.0%), but 
little corresponding improvement in hydrogen content based on S2  values is observed 
(Figure 13).
In contrast, at a similar thermal maturity level, the Middle Wilcox in AB is 
significantly more organic-rich (average TOC, 1.62%), and contains more hydrogen-rich 
kerogen (average S2, 2.48 mg HC/g rock) than the Middle Wilcox in MRL. The HI/OI plot 
indicates a significant number of Middle Wilcox samples from AB with HI values above
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150 mg HC/g TOC (Figure 44 B). These shales are capable o f generating liquid 
hydrocarbons upon further thermal maturation (Figure 44 B). VKA analysis indicates a 
fluorescent kerogen assemblage dominated by Am-in kerogen and plant tissue, with 
moderate amounts of algae and fungal debris. Due to the more advanced thermal maturity 
level of these Middle Wilcox samples, TOC and S2  values were probably even higher in the 
past, when these shales were immature, and before any generated hydrocarbons had 
migrated. HI/OI plots of MRL Lower and Middle Wilcox samples indicate that, at peak to 
post mature levels, most of the kerogen is gas prone today (Figure 44 B).
Although many of the Upper Wilcox samples from Allen Parish have low organic 
richness and contain low hydrogen kerogen, some Upper Wilcox shales with high TOC,
S2 and HI contents occur in all three wells in Allen Parish. Upper Wilcox organic-rich 
shales seem to occur in segregated layers of 10 to 100 ft (3-30 m) thickness. Thin organic- 
rich shales with TOC >1.5% are represented by only a few samples, but occur throughout 
the Upper Wilcox MRL core. A notable 110 ft (34 m) thick, modestly high TOC and high 
hydrogen interval occurs from 12860-12970 ft (3920-3953 m) in MRL. Two distinct 
organic-rich, more hydrogen-rich OM intervals at 12805-12881 ft (3903-3926 m) and 
13923-13985 ft (4244-4263 m) were identified in AM (Figure 44 B). Both of the thin 
Upper Wilcox cored intervals in AB are organic-rich with hydrogen-rich OM.
HI/OI plots (Figure 44 B) indicate that overall, low TOC intervals in MRL and AM 
are dominated low hydrogen Type III kerogen. Some Type II, or II-III (mixed) kerogen is 
present (with HI >150 mg HC/g TOC), particularly in the higher TOC intervals. Py-GC 
data for two MRL samples, and VKA (BRI) data from the high TOC and HI interval in 
MRL are consistent with the programmed pyrolysis results, indicating potential for oil and 
gas from amorphous, herbaceous and woody kerogen. HI/OI plots show that the higher 
TOC Upper Wilcox shales in AB and AM are similar to the high TOC Upper Wilcox shales 
in MRL (Figure 44 B). VKA (EPR) of three AM well samples, including one each from the
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higher TOC zones, indicate that plant tissue, and fluorescent amorphous-II and amorphous- 
m  kerogens that were probably derived from plant tissue, are the dominant kerogen types 
in the shales with the best source rock qualities.
Programmed pyrolysis data for lower Claiborne samples from MRL indicate they are 
mostly organic-lean with TOC <0.5%, and are dominated by hydrogen poor kerogen that is 
not capable of producing liquid hydrocarbons even at higher thermal maturity levels. These 
conclusions are based on only four samples, so that the results cannot be considered as 
representative of the whole lower Claiborne Group in Allen Parish.
Northern St. Landry Parish—Midway to Lower Claiborne
Low TOC content (average TOC = 1.18%) and very low S2  (average S2 =1.2 mg 
HC/g rock) characterize most of the Midway to lower Claiborne section sampled from MEc 
and SM. HI/OI plots of MEc samples indicate little potential for liquid hydrocarbon 
generation (Figure 44 C). With a predominance of low molecular hydrocarbons produced, 
Py-GC data for 5 of the 6  MEc samples indicates low hydrogen, gas prone kerogen is 
prevalent. For instance, the highest TOC sample (16.94%) has a high GOGI value o f 1.83, 
indicating a coaly, gas-prone nature. Only the the Lower Wilcox sample at 13410 ft (4087 
m) and the Cane River sample at 10440 ft (3182 m) in MEc have GOGI values < 0.50, 
indicating the presence of kerogen capable of generating high-molecular weight 
hydrocarbons as well a gaseous hydrocarbons upon further burial.
Lower Wilcox shales from SW are much more organic rich, with TOC averaging 
3.21%, and contain much more hydrogen-rich kerogen than shales in the other northern Sl 
Landry Parish wells (average HI = 166 mg HC/g TOC). The HI/OI plot (Figure 44 D) 
indicates the presence of Type II, oil + gas prone kerogen. VKA (EPR) of the SW sample 
at 13468 ft (4105 m) is in agreement with a mixture of fluorescent kerogen similar to that 
from AB, with Am-III and plant debris, with some algal kerogen. Based on samples from
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MEc, SM, and SW, the Midway through lower Claiborne section in northern St. Landry 
Parish appears to be dominated by organic-lean gas prone shales with limited source 
potential for oil and gas in certain intervals.
Southern Pointe Coupee Parish—Lower Wilcox to Lower Claiborne
Lower Wilcox shales from MK are among the highest TOC, S2 and HI shales o f the 
entire Lower Tertiary sample set TOC averages 3.17%, and S2  averages 8.72 mg HC/g 
rock. HI/OI plots indicate the presence of Type II kerogen with high HI (average HI = 260 
mg HC/g TOC) and low 01 values (average 01 = 9 mg C0 2 /g TOC) (Figure 19). VKA 
(BRI) of two Kimball samples shows the largest percentage of Am- kerogen of any Wilcox 
shale, and VKA (EPR) includes the presence of fluorescent Am-EI kerogen and plant 
debris, and a small percentage of algal kerogen.
In contrast, most of the Upper Wilcox shales from southern Pointe Coupee Parish 
that were analyzed for this study are very low in TOC and also have low S2  and HI values, 
showing little potential to generate hydrocarbons upon further burial (Figure 44 F). Most 
samples are from shales interlaminated and interbedded with sandstone. Only the S8 S well 
core exposed a thick shale sequence which occurs above the W-8  sandstone. In contrast to 
other Upper Wilcox shales in Pointe Coupee, the upper shale has a more hydrogen-rich 
kerogen than the underlying shales found interbedded with the W-8  and W-12 sands. The 
upper shale's comparatively high hydrogen character is indicated by TOC averaging 1.68% 
and HI averaging 193 mg HC/g TOC. HI/OI plots show that Upper Wilcox shales above 
the W-8  sand are higher HI and 01 than other Upper Wilcox shales (Figure 44 F). VKA 
(BRI) indicates the presence of abundant Am- kerogen in the upper shale, but not in any of 
the other five shale samples from below the W8 sandstone in S8S analyzed by VKA (BRI). 
Although TD also appeared to have a similar high TOC interval with hydrogen-rich 
kerogen, VKA (EPR) indicates a relatively small amount of Am-in, and more plant tissue
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and vitrinite than most other Wilcox samples. Most importantly, little fluorescence was 
observed in the TD sample, strongly implying a lack of significant source rock potential
Lower Claiborne samples from southern Pointe Coupee and St. Landry Parishes are 
from three stratigraphic intervals in the Sparta Formation. Shales from below the Sparta B 
sand (Lemoine, 1989) in Pointe Coupee Parish are organic-rich, with high hydrogen, low 
oxygen OM (average TOC = 3.27%; average HI = 235 mg HC/g TOC) (Figures 21-24). 
Those from above the Sparta B sand in Pointe Coupee Parish are somewhat less organic- 
rich, and are less hydrogen-rich than the deeper shales (average TOC = 1.35%; average HI 
= 198 mg HC/g TOC) (Figure 21-24). Sparta shales from southern St. Landry Parish are 
organic-rich, with TOC up to 8.14%, but contain relatively hydrogen-poor OM for the 
TOC content (average HI = 242 mg HC/g TOC) (Figure 25). HI/OI diagrams clearly show 
evidence for abundant examples of Type II-III kerogen in Lower Sparta marine shales 
(Figure 44 E). HI/OI diagrams for OCB samples may overestimate the liquid hydrocarbon 
generating potential of OCB samples from interdistributary bay facies because of the "coal 
effect" (Katz, 1983; Hartman-Stroup, 1987). Py-GC and VKA analysis is in agreement 
with the observations based on programmed pyrolysis. Many Sparta shales have GOGI 
values are less than 0.50%, but greater than 0.23%, providing good evidence for oil + gas 
prone kerogen. VKA (BRI sand EPR). Gregoiy et al. (1991) describes an OM assemblage 
composed of mixed terrestrial and marine OM which exhibits fluorescence in particles of 
both OM types.
West Baton Rouge Parish—Upper Wilcox
In West Baton Rouge Parish, TOC and S2 are modestly higher than other Upper 
Wilcox samples in more western locations. The HI/OI plot (Figure 44 D) indicates that 
Type III kerogen bearing shales dominate, but that some potential for liquid hydrocarbon 
generation from mixed Type II-III kerogen exists. Programmed pyrolysis results are
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consistent with VKA data of two samples indicating significant potential for the kerogen to 
generate oil and gas higher thermal maturity levels.
Livingston Parish—Lower Wilcox to Upper Cretaceous
Little significant potential to generate liquid hydrocarbons exists in the lowermost 
Tertiary section in northern Livingston Parish because of low organic richness (average 
TOC < 1.0%), and dominance by Type HI kerogen at mature thermal maturity levels 
(Figures 27 and 28). Upper Wilcox shales in Lockhart Crossing Field are also not 
sufficiently organic-rich to be considered as potential source rocks (Figure 30) because of 
low TOC and S2 . In contrast, Lower Wilcox mudstones from the Barnett well in Lockhart 
Crossing are more organic-rich, with average TOC = 1.79%, and contain hydrogen-rich 
OM (average HI = 248 mg HC/g TOC) at immature to early thermal maturity levels (Figure 
29). The HI/OI plot suggests that the shales contain a mixture of Type II and Type HI 
kerogens capable of producing oil and gas with greater burial (Figure 44 G).
Source Rock Geochemistry—Summary
Lower Tertiary shales examined for this study are presently at immature to late mature 
thermal maturity levels (Figure 43), at burial depths of 9000 to 15900 ft (2743-4846 m) at 
locations along strike from east to west across south Louisiana. Western Louisiana shales 
in Beauregard and Allen Parishes are consistently more mature than contemporaneous 
sediments in central and eastern Louisiana (St. Landry, Pointe Coupee, W. Baton Rouge, 
Livingston Parishes.) (Figure 43). Excluding the six most organic-rich Lower Tertiary 
shale samples (with TOC > 6.0%), 1106 Lower Tertiary shales have TOC ranging from 
0.05-5.82% and averaging 1.28%. Just over 10% of the sample set (116 samples) are 
organic-lean, with TOC below 0.5%. More than half the data set (614 samples) has TOC 
from 0.05-1.00%. Wilcox-Mid way shales (912 samples) from across the state are 
generally less organic-rich (TOC average = 1.18%) than the 158 lower Claiborne shales
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from Pointe Coupee Parish (TOC average = 1.89%), probably as a result of facies 
differences as well as increased relative thermal maturity level.
The HI of the preserved OM must also be taken into account when describing the 
capability of organic-rich shales to generate liquid hydrocarbons. $ 2  values above 5.0 mg 
HC/g rock are considered here to clearly indicate significant potential for liquid 
hydrocarbon generation. TOC of the 94 Lower Tertiary samples with S2  > 5.0 mg HC/g 
rock is always above 1.50% (Figure 45) and averages 2.98%. Most shales have S2  <  5.0 
mg HC/g rock, and usually have < 2.00% TOC. The majority have TOC below 1.50%.
A composite HI/OI diagram (Figure 46) clearly shows the hydrocarbon generative 
potential of the lower Claiborne and Wilcox-Midway samples with S2 > 5.0%. Recently, 
Langford and Blanc-Valleron (1990) proposed a TOC and S2  crossplot to eliminate 
discrepancies based on HI/OI diagrams as a result of poor characterization of oxygen 
content of the OM with the S3 measurement Boundaries between Type I and n , and Type 
II and III kerogens are defined at HI = 700 mg HC/g TOC and HI = 300 mg HC/g TOC 
respectively (Langford and Blanc-Valleron, 1990). This plot (Figure 47) shows that most 
samples with S2 > 5.0% plot near the Type II-III boundary, similar to earlier conclusions 
based on HI/OI plots, Py-GC, and VKA. Sparta samples from Pointe Coupee Parish, and 
some Wilcox samples from Pointe Coupee Parish, are relatively high in hydrogen and plot 
on the Type II side of the boundary. Another way of characterizing hydrogen richness of 
kerogen is Si + S2, considered to be representative of the Total Hydrocarbon Generative 
Potential (THGP) (Bissada et al., 1982) of the OM (Figure 48). When THGP for this data 
set is plotted against TOC on a log-log diagram, several points can be made. First, filtering 
the data according to the criteria of Peters et al. (1986) appears to be an effective method to 
recognize migration or drilling contaminated samples that have unusually high Sj+ S2 
values but are low TOC (Figure 48 B). According to the relationship outlined by Bissada et 
al.(1982), much of the Lower Tertiary data set has oil-prone characteristics, with a higher
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proportion of hydrogen in the OM relative to TOC than the gas-prone OM (Figure 48 A). 
Samples with S2  > 5.0 mg HC/g rock from the Sparta and Wilcox of eastern and central 
Louisiana are clearly more oil-prone than the rest of the sample suite (Figure 48 C). Wilcox 
shales from Allen and northern St. Landry Parishes., Louisiana, and coaly Wilcox shales 
from Pike Co., Mississippi (Sassen et al., 1988), are gas-prone, with less hydrogen in 
proportion to %TOC.
Organic Geochemistry and Depositional Environments
Organic geochemical analysis of fine-grained sediments can contribute valuable 
information about their paleoenvironment and depositional conditions (Didyk et al., 1978; 
Pratt, 1984). Integration of organic geochemistry and sedimentology can be used to explain 
environment of deposition, paleoclimate and paleooceanographic conditions (Pratt, 1984). 
Organic geochemical character and VKA are suggestive of biologic factors such as the 
makeup of the organic assemblage and its sources, and biologic productivity level. They 
are also related to physical factors such as sedimentation rate, oxygen level, and circulation. 
These biologic and physical factors all contribute to the quantity and quality of the OM in 
the sediment In this section, results of organic geochemical analysis will be integrated with 
sedimentologic information (core descriptions, benthic foraminiferal depth zonations, well 
logs) available for MRL and AB, several of the Sparta and Wilcox cores in Pointe Coupee 
and St. Landry Parish (MK, S8 S, LNB, CWD, CWG, CWJ, O'CB) and Upper Wilcox 
core from Livingston Parish (FM, CT). Regional correlations of organic character will also 
be discussed in this section.
Allen Parish—Lower Wilcox to Upper Wilcox
Core from MRL at 15350-15720 ft was interpreted to have been deposited in prodelta 
environments at the distal margins of the advancing Holly Springs delta (Galloway, 1968; 
Salakhuddin, 1985; Hobson and Galloway, 1991). The described core section is
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dominated by non-bioturbated dark gray to gray shales interbedded with thin bioturbated 
sandstones that are overlain by a 70 ft thick interval of gray-green non-biotuibated 
mudstones (Salakhuddin, 1985). This study determined that the gray prodelta shales are 
lower in TOC than the gray-green shales. The lack of bioturbation in both gray and green 
shales was inteipreted to indicate rapid deposition under dominantly oxygenating 
conditions (Salakhuddin, 1985), rather than well developed anoxicity and a lack of bottom 
fauna.
Overall, the organic geochemical character and VKA are in concurrence. In the gray 
shale, OM preservation levels do not appear to have been high, probably due to deposition 
of mostly terrestrial OM under oxidizing conditions. However, S2 and HI values were 
probably higher in the past, due to the moderately advanced thermal maturity of these 
samples. The slightly higher TOC, but low S2 and HI character o f the gray-green 
mudstones indicates that terrestrially derived OM was deposited under somewhat better 
developed low oxygen conditions. The vertical succession is similar to that described by 
Jones (1983), in which green-gray shales are deposited at the site of impingement of an 
oxygen-minimum layer at a progradational shelf edge.
Dark gray to black bay-fill shales (Salakhuddin, 1985) at 14109-14140 ft (4300-4310 
m) in the Middle Wilcox of MRL are significantly more organic rich than underlying shales 
at 14156-14229 ft (4315-4337 m) that were deposited within more sand-rich crevasse 
splays (Salakhuddin, 1985). However, low S2 and HI values in both the bay shales and 
crevasse splay shales indicate terrestrial OM, probably deposited in a proximal deltaic 
environment. The low values also reflect the moderately advanced peak to late thermal 
maturity level. There is little evidence for appreciable marine algal or bacterially-derived 
OM in either environment The dark color of the shales may suggest rapid burial of 
organic-rich, but terrestrially-dominated OM, and a shallow reducing zone within the 
sediment.
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Middle Wilcox shales from AB arc more organic rich, and contain more hydrogen- 
rich kerogen than MRL Middle Wilcox shales (Figure 44). Middle Wilcox AB shales 
(15090-15650 fit, 4599-4770 m) were deposited in inner neritic water depths that deepen 
upwards to middle neritic water depths above the cored section (14730-15030 ft, 4490- 
4581 m) according to benthic foraminiferal paleodepth zonations from an Amoco 
paleontological report (Chip Carney, 1991, pers. comm.). Improved source quality above 
15067 ft (4592 m) in the upper Middle Wilcox AB core corresponds to a gradual deepening 
of water depth. The improved source quality of AB compared to MRL is probably in part 
related to the more distal marine position of AB. VKA (EPR) analysis indicates the high 
hydrogen OM in AB samples is derived at least in part from amoiphous, algal OM of 
marine origin.
Upper Wilcox core from 12100 to 13500 ft (3688-4115 m) in MRL has been divided 
by Lazurus (1985) into five lithofacies that represent multiple episodes of marine shelf sand 
deposition in front of an intermittently active, destructive delta (Fisher and MacGowan, 
1967; Anisgard, 1970). Deposition was in inner to middle neritic water depths (Anisgard, 
1970), to possibly deeper upper bathyal to outer neritic depths in the lower 500 ft (152 m) 
of the sampled section (Nunn, 1986). Organic-rich, hydrogen-rich shales of 10-100 ft (3- 
30 m) thickness occur throughout the Upper Wilcox core in MRL, but reach a maximum 
thickness at 12476-12583 ft (3803-3835 m). This higher TOC, hydrogen-rich interval 
corresponds to the thickest of seven zones of marine transgression recognized by Lazurus 
(1985). Other Upper Wilcox transgressive marine shales in MRL are relatively thinner, and 
are not always characterized by higher overall hydrogen content ir. the OM, but all are 
associated with TOC maxima. Low overall benthonic foraminiferal diversity, and 
dominance of the foraminiferal assemblage by bleached white arenaceous foraminifera in 
MRL have long been regarded as evidence for periodic anoxicity during Wilcox deposition 
(Anisgard, 1970; Nunn, 1986). Upper Wilcox shales in AM and AB are generally higher
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TOC, and of better source quality than MRL shales, probably because of their more distal 
position relative to the Holly Springs delta lobes, deeper water depositional environment, 
and finer-grained character.
Southern Pointe Coupee and St. Landry Parishes.—Lower Wilcox to Lower Claiborne
The upper cored section in S8 S includes the W-8  sandstone (Upper Wilcox) and 35 
ft (11 m) of the overlying shale (Figure 20). The W-8  sand was interpreted to be one of a 
series of shelf-edge deltas (including the W-12 sand) in which shoreface sandstones 
prograded over shelf mudstones during a relative sea-level fall (Lowry, 1988). The 
overlying shale was interpreted to have been deposited after transgression of the shelf-edge 
delta (Lowry, 1988). This shale consists of lenticular bedded and laminated mudstone with 
a gradational lower contact and sharp upper contact When present, burrows are usually 
horizontal, silt-filled, and are of low diversity. Shales that are interbedded with the W-8  
sandstone (13175-13258 ft, 4016-4041 m) and W-12 sandstones (13620-13805 ft, 4151- 
4208 m) are low TOC shales bearing hydrogen-poor kerogen. In contrast, the shale 
overlying the W-8  sand (13128-13164 ft, 4001-4012 m) is a high TOC shale that contains 
abundant hydrogen-rich kerogen. Lowry (1988) noted the organic-rich character of the 
high TOC, laminated shales overlying the W-8 , and determined they were deposited in an 
outer shelf environment that was "hostile to bottom dwelling fauna" (Lowry, 1988), 
possibly at dysaerobic to anoxic levels below 0.5 ml/1 dissolved oxygen (e.g. Demaison 
and Moore, 1980).
Samples from four lower Sparta Formation cores at Fordoche and Lottie Fields in 
southern Pointe Coupee Parish show strong facies related differences in organic 
geochemical character. These cores were described by Lemoine (1988) as representing a 
progradational barrier bar and tidal inlet sandstone and associated marine and lagoonal 
mudstones deposited near the shelf margin. There is no evidence for subaerial exposure.
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Core descriptions of CWG (Figure 21) and CWD (Hgure 22) include the organic-rich inner 
shelf mudstone onto which the barrier bar prograded. The high TOC and hydrogen-rich 
character o f this non-bioturbated shale strongly suggests that the shale was deposited into 
anoxic or dysaerobic waters. Maceral analysis (Gregory et al., 1990) found fluorescent 
bacterial debris embedded in terrestrially-derived plant debris in this shale. Chinn et al. 
(1988) interpreted the bacteria to be anaerobic in origin. Above the barrier bar and tidal inlet 
sandstone, the progradational lagoonal shale is somewhat more bioturbated (Lemoine, 
1988), is lower in TOC, S2 , and HI, and has little fluorescent OM (Gregory et aL, 1990). 
One important observation of Chinn et aL, (1988) and Gregory et al. (1991), is that the OM 
assemblage of both shale depositional environments: lagoonal and marine shelf is similar. 
Both contain OM assemblages that are dominated by terrestrially-derived OM with about 
30-50% marine OM. It is apparently not the origin of the OM that determines the source 
quality o f lagoonal versus marine shelf shales, but its degree of preservation, and the 
preservation of additional bacterial OM in the marine shelf environment.
The cored section from the OCB well is from the uppermost part of the lower 
Claiborne Group sampled for this study. Both cores were interpreted to represent 
deposition in an interdistributary bay system that dominated the Upper Sparta in this area 
(R. C. Lemoine, 1989, pers. comm.). The shales are dark brown and dark gray, with 
visible woody material, and are frequently burrowed, though burrows are rooted mostly in 
sandstones. Like the Middle Wilcox bay shales in MRL, OCB bay shales are high TOC, 
but are dominated by OM of low hydrogen content This suggests the bays were favorable 
to organic preservation, but that only terrestrial OM was present The churned appearance 
of the shales and siltstones (Lemoine, 1989) suggests that sedimentation occurred under an 
oxic water column. Reducing conditions probably began at or just below the sediment- 
water interface (Haddad and Martens, 1987). Organic matter accumulation rate was 
probably relatively high for this condition to be met during deposition of these bay shales.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
147
Livingston Parisk^-Lower Wilcox
The cored interval in ABH is a fining upwards sequence of laminated dark brown 
shales interbedded with thin beds of clean, occasionally carbonate cemented, structureless 
sandstones. The shales are laminated to massive gray to dark gray shales. Approximate 
sandstone:shale ratios at 1 ft (0.3 m) intervals vary from 20:80 to 70:30 through the core. 
Two main sandstone bodies are indicated from both sandstone:shale ratios and the well log 
(Figure 29). The shape of the well log SP and y-ray responses and the isolated stratigraphic 
position of these lower Wilcox sandstone bodies within thick shales suggests they are 
isolated shelf sands deposited at the shelf edge. The associated high TOC, high hydrogen 
mudstones are probably hemipelagic shales deposited in dysaerobic to anoxic waters.
The organic character of Upper Wilcox shales at Lockhart Crossing Field parallels the 
facies divisions outlined by Lowry (1988) based on micropaleontology, biogenic 
structures, and the vertical succession of facies in the same cores examined for this study. 
Lowry (1988) considered the First Wilcox sand to be the preserved portion of a 
transgressed beach ridge plain; underlying shales are hemipelagic or prodelta shales 
deposited on an open shelf. Mudstones above the First Wilcox sand represent the 
culmination of transgression and re-establishment of shelfal marine fine-grained 
sedimentation (Lowry, 1988). In vertical succession, mudstones below the First Wilcox 
sand in CT are relatively low TOC shales with hydrogen-poor OM. In contrast, shales 
overlying the First Wilcox sand in FM are higher TOC and somewhat more enriched in 
hydrogen-rich OM. Higher in the section, TOC and HI values of the shale overlying the 
First Wilcox sand in FM gradually decrease to become more similar to the shale below the 
First Wilcox sand. This decline may reflect the return to open-shelf, regressive depositional 
conditions as suggested by Lowry (1988) by the reoccurrence of thinly bedded, storm- 
deposited shelf sand layers.
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Regional Transgressive Events—Clayton Formation (Midway) and Cane River (Lower 
Claiborne) Formation
The Upper Cretaceous-Midway boundary was sampled by cuttings in SRL in 
northern Beauregard Parish, and in three wells (ME, MGP, MS) in northern Livingston 
Parish The Upper Wilcox-lower Claiborne boundary was sampled by cuttings in MEc and 
SM. Examination of Figures 11,16,17,27, and 28 shows that TOC, S2, and HI reach a 
maximum at 150-200 ft above the major depositional cycle boundary in each of the six 
wells. The magnitude of the change varies among the 6  wells, but is usually marked by an 
increase in TOC of about 0.5%, and a slight increase in hydrogen content as recorded by 
S2  and HI (ie. Figure 27). The Midway and Cane River Groups are recognized as 
transgressive units deposited above major unconformities that mark the stage boundaries. 
The TOC and hydrogen-richness maxima are postulated to represent the post-Cretaceous 
and post-Wilcox transgressive events. In sequence stratigraphic terms, the Beauregard and 
Livingston Parish Midway maxima may be closely coincident with the maximum flooding 
surface that defines the Clayton and Porters Creek Formation boundaries. The northern St. 
Landry Parish maximum may indicate the maximum flooding surface between the Cane 
River and the Sparta Formations.
Organic Geochemistry and Depositional Environments—Summary
The organic geochemical character of kerogens in Lower Tertiary shales reveals new 
information about their origin and conditions of sedimentation. Lower Tertiary shales 
examined for this study were deposited in a range of deltaic, continental shelf and upper 
slope depositional environments into which abundant terrestrially-derived OM was brought 
by fluvial-deltaic systems. Bacterial and algal organisms were important marine OM 
contributors. Most of the Lower Tertiary samples consists of prodelta and shelf shales 
deposited in well-oxygenated open marine waters. Organic matter accumulated in quantities
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from about 0.5-2.0%, but was dominated by hydrogen-poor mixed terrestrial and marine 
particles that were thoroughly oxidized at the site of deposition. HI values are about 100 
mg HC/g TOC and 01 values are frequently greater than 100 mg C02/g TOC.
Greater than average amounts of OM (>1.23%) are typically observed in two 
Paleogene shale depositional environments: interdistributary bays and in certain 
hemipelagic depositional environments on the open marine shelf and slope. Bay shales, as 
observed in the Middle Wilcox of MRL (Lazurus, 1985), and in the Upper Sparta of 
O'CB, are high in TOC (>2.0%), even extremely high TOC (>10%), but contain low 
hydrogen terrestrial kerogen with low S2  and low HE. Many organic-rich shales are 
transgressive shales overlying progradational or transgressed sandstone bodies in MRL 
(Salakhuddin, 1985; Lazurus, 1985), S8S (Lowry, 1988), and FM (Lowry, 1988). Other 
transgressive shales with enhanced source quality occur in the Upper Wilcox of AM, AB, 
and AW. In each case, laminated black to dark brown shales overlie oxidized sandstone. 
Oxidation indicates possible subaerial exposure (Baum et al., 1989). The lateral extent of 
the transgressive shales is poorly constrained at this time, but do appear to be concentrated 
in the Upper Wilcox across the study area. Major transgressive events of a regional extent 
may also be reflected in slightly higher TOC, S2 , and HI values above the Upper 
Cretaceous-Midway boundary in SRL, MGP, and ME; and above the Wilcox-lower 
Claiborne boundary in MEc and SM.
Finally, most of the marine shales with S2>5 .0  mg HC/g rock are marine shales over 
which an advancing sandy depositional sequence progrades, such as those observed in the 
Lower Wilcox in SW, MK, and ABH; and in the Lower Sparta in CWD, CWG, CWJ, and 
LNB. HI values are typically 150-400 mg HC/g TOC or greater, OI values are typically 50 
mg C02/g TOC or less— among the lowest of the data set. Lower Wilcox examples are 
typically associated with isolated sandstone bodies (MRL, SW, MK, ABH), overlying 
thick Lower Wilcox and Midway shales. In ABH and MK, the sandstone itself is overlain
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by shale. Organic-rich Lower Sparta marine shales are overlain by a shelf-edge bar sand 
(Lemoine, 1989) that represents the first progradational advance of Sparta sands in the 
Fordoche Field area. The Lower Sparta shales in particular tend to have the highest TOC 
values, and show some of the highest HI values of the data set The shales are laminated 
and dark brown, and typically contain 2.5-4.0% TOC over an immature to peak mature 
thermal maturity range. These Lower Wilcox and Lower Sparta samples strongly suggest 
the existence of poorly oxygenated bottom waters of unknown lateral extent
EOM Geochemistry, Carbon Isotopes, and Oil-Source Correlation
EOM geochemistry can be expected to vary as a result o f real differences in the 
geochemistry and thermal maturity levels of the OM assemblages represented by the sample 
suite. Outer continental shelf to paralic marine environments, with varying levels of oxicity 
and terrestrial OM input, are represented. Immature to late mature thermal maturity levels 
are represented. EOM results can also be affected by procedural differences at the three 
analytical laboratories. Differences in certain EOM geochemical parameters are consistent 
with a more effective extraction technique at Core Lab for EPR versus a less effective 
technique at Core Lab for BRI. Total EOM and HC relative to TOC, and the amounts of 
NSO and asphaltene compounds in the C15+ portion of the EOM are much higher in EPR 
samples. Some EOM geochemical parameters, specifically those which would not be 
expected to suffer much effect from the extraction procedure, show little segregation by 
laboratory. These include SAT/AROM ratios, Pr/Ph ratios, CPI, and most GC-MS results. 
Few differences are observed in biomarker data from Core Lab for EPR and from BP, with 
the unexplained exception of the C29/C30 hopane ratio.
Contamination by drilling fluids does not appear to have strongly affected the EOM 
samples, except the two EOM (BRI) samples from S8S. These samples have unusually 
high %SAT (-60.0%), low Pr/Ph ratios, and low CPI values that are more oil-like than
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would be expected of source rocks at the early peak mature thermal maturity level indicated 
by maturity measures (e.g. Noble et al. 1989; Thompson and Kennicutt, 1990a). The S8S 
samples are not from the transgressive shale overlying the W-8  sand, but are interbedded 
with the W-8  and W-12 reservoirs, and were probably relatively easily contaminated due to 
their proximity to the crude oil in the reservoirs. EOM geochemical results of all other 
samples are generally consistent with thermal maturity levels, OM type, and depositional 
environment indicated by analysis of the OM in the rock, and are therefore believed to 
represent the EOM generated by the indigenous OM in the rock (Thompson and Kennicutt, 
1990a).
Bimodality is an unusual characteristic observed in many of the EOM chromatograms 
of this sample suite. Some chromatograms have two "humps" instead of a single "hump" 
from which surrounding peaks gradually descend. Light HC peaks (<n- Cis) are attributed 
to terrestrial OM; heavier HC peaks (n-Qs to n-C20) are derived from microbial OM. Many 
authors have indicated the importance of terrestrial OM for generation of very long chain 
(>n-20), waxy HC (Hedberg, 1968; Didyk et al., 1978), but some waxy oils have been 
traced to certain algal populations (Moldowan et al., 1985). Bimodal chromatograms have 
been attributed to two possible processes: migration contamination (Thompson and 
Kennicutt, 1990a; 1992), or mixed i ndigencus OM (e.g. Curiale and Lin, 1991).
Bimodal chromatograms with secondary peaks near n- C15 and n- Csohave been 
observed in EOM of mixed terrestrial and microbial origin deposited in aquatic marsh 
environments of the Eocene delta plain in Texas (Mukhopadhyay et al, 1991). Continental 
shelf shales can contain such a mixture if aquatic marsh material is transported downslope 
onto the shelf. Transport by gravity flow processes and rapid burial can improve the 
preservation levels of the organic matter. Migration contamination (cf. Thompson and 
Kennicutt, 1990) may be invoked to explain the bimodal character o f some northern GOM 
crude oils. It is, however, unlikely that the EOM examined for this study is greatly affected
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by migration contamination because so many governing geochemical and physical factors 
of the rock and its OM are compatible with one another.
Contamination by migrating petroleum fluids or drilling fluids appears to significantly 
affect only the S8S samples because %SAT, SAT/AROM, CPI and Pr/Ph ratios of other 
EOM samples are within the expected range for immature to mature EOM. Generally, Pr/Ph 
is high (1.5->6.0), indicating that most Lower Tertiary OM was deposited into oxic waters 
(Dydik et al., 1978). Pr/Ph ratios of Upper Wilcox OM from central and eastern Louisiana 
are much lower than other Lower Tertiary EOM samples, but are not thought to be from 
contamination because CPI and %Sat are comparable to other samples. The low Pr/Ph 
values could be a result of deposition in a more reducing environment (Dydik et al., 1978). 
Overall, CPI is also high, indicating significant generation from terrestrially derived OM 
(Dydik et al., 1978) deposited in a mostly oxidizing environment
Pr/Ph and CPI of the Lower Tertiary EOM examined for this study are much higher 
than those of most Tertiary-reservoired oils (Wenger et al., 1990; Sassen, 1990), which 
have Pr/Ph values from 1.79-3.78, and CPI from 1.05-1.15. Plots of Pr/Ph and CPI with 
estimated or measured Ro indicate that, with the exception of the Upper Wilcox samples 
from Pointe Coupee Parish, these ratios systematically decrease with increasing thermal 
maturity (e.g. Noble et al., 1989). As mature to late mature stages are reached, Pr/Ph and 
CPI ratios approach those observed in the Tertiary-reservoired oils (Figure 36). Pr/Ph 
ratios of the Upper Wilcox extracts from Pointe Coupee Parish are only slightly higher than 
those observed in Tertiary-reservoired oils, but CPI values are like other EOM samples at 
early to peak maturity levels. CPI values are dependent on the presence of marine OM as 
well as the reducing level of the sedimentary environment (Philp and Lewis, 1987).
Biomarker compound ratios are indicative of thermal maturity level and organic facies 
of the depositional environment. Like Pr/Ph and CPI, biomarker ratios that are affected by
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thermal maturation show distinct changes with increased R© as less stable biomarker 
species degrade relative to a more stable phase, or as diagenetically produced species 
increase relative to a precursor compound (Waples and Machihara, 1991). Ts/Tm, %TAS 
(% Triaromatic steroids) and the 20S/20S+20R, 20S/20R ratios increase through the entire 
immature to late mature thermal maturity range as indicated by Ro- B/C30 and O/C30 
decrease with increased thermal maturity. B/C30 and O/C30 are more variable at low 
thermal maturity levels, perhaps because of differences in biomarker content established at 
the time of deposition.
B/O and C27:C28tC29 sterane ratios are affected by thermal maturity, but by 
approximately the same degree for each of the biomarker species being measured, so that 
they are more representative of the OM assemblage in the rock than thermal maturity level. 
B/O ratios are an indication of the influence of anaerobic bacterial OM relative to terrestrial 
angiosperm OM in the OM assemblage (eg Wenger et al., 1990; Waples and Machihara, 
1990; 1991). Most Lower Tertiary samples have B/O ratios less than 1.50, indicating input 
of both bacterial and terrestrial angiosperm OM in most samples, but dominance by 
oleanane in many. Samples of similar age from eastern and central Louisiana have B/O 
ratios that vary within a rather narrow range of 0.75 or less. Upper Wilcox shales from 
Pointe Coupee, W. Baton Rouge, and Livingston Parishes have unusually high B/O ratios 
that range from 1.50-3.00, indicating strong anaerobic bacterial influence as also indicated 
by low Pr/Ph ratios. Bay shales in O'CB have some of the highest amounts of oleanane 
relative to bisnorhopane of all Lower Tertiary. This is similar to the high oleanane 
quantities observed in Tertiary bay shales examined by Curiale and Lin (1991).
Sterane distributions are useful for determining higher plant input in crude oils 
(Moldowan et al., 1985; Seifert and Moldowan, 1981). Sparta EOM and Wilcox EOM are 
both dominated by C29 steranes of higher plant origin, with about 10% less terrestrially- 
derived C29 steranes in Wilcox EOM than in Sparta EOM. According to the C27:C2&C29
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ternary diagram (Huang and Meinschein, 1976; 1979), Sparta shales were deposited in 
more terrestrially influenced depositional environments than Wilcox shales that were 
deposited in estuarine to marine environments. However, the sterane distribution is 
probably influenced more by the higher thermal maturity level of the older and more deeply 
buried Wilcox kerogen. Sterane distributions are one of the parameters recognized by 
Noble et al. (1989) to become more marine in character with increased thermal maturity.
The process of oil-source correlation using biomarker compounds is accomplished by 
noting the presence of unusual biomarker compounds, and by comparing the relative 
proportions of more common biomarker compounds (Waples and Machihara, 1991) in 
shale EOM and crude oil samples. A successful oil-source correlation is facilitated not only 
by favorable biomarker comparisons, but depends on a reasonable thermal maturation 
history and geologic setting for the shales to support the geochemically based correlation. 
Most of the Wilcox and Sparta EOM samples are from shales whose OM assemblage, 
depositional setting, kerogen geochemistry, EOM geochemistry, and thermal maturity 
history data are are in agreement with one another. Most can only be called "potential" 
source rocks in that they are sufficiently organic-rich, but not thermally mature enough to 
be "effective" source rocks that have actively generated and expelled petroleum. Thus, 
thermal maturity is an important difference that muSt be taken into account when comparing 
the EOM and crude oil biomarkers.
In the northern Gulf of Mexico, the triterpane biomarkers bisnorhopane and oleanane 
have only been identified in crude oils from Tertiary age reservoirs (Table 15; Walters and 
Cassa, 1985; Walters and Dusang, 1988; Cole et al., 1990; Sassen, 1990; Wenger et al., 
1990). B/C30 and O/C30 of 21  south Louisiana and offshore Louisiana crude oils (Table 
15; Sassen, 1990; Wenger et al., 1990) are within the same ranges as B/C30 and O/C30 for 
thermally mature Wilcox and Sparta EOM examined for this study (Figure 37). Ts/Tm 
ratios were not reported by Wenger et al. (1990) or Sassen (1990), but are included for five
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Table 15: Triterpane biomarker data published for south Louisiana and offshore Louisiana 
shelf crude oils
_______ BIOMARKER DATA *________
Field__________ Bis/OmH Ol/CsnH Bis/OI
Amber 0.252 0.074 3.41
Lighthouse Pt. 0.294 0.308 0.95
Abbeville 0.140 0.148 0.95
St. Martinville *** 0.180 ***
Crowley **• 0.256 ***
E. Richie *** 0.114 ***
Tepetate 0.255 0.230 1.11
S. Harmony Ch. 0.034 0.201 0.17
S. Harmony Ch. 0.055 0.192 0.29
Big island 0.327 0.072 4.54
Big Island 0.301 0.133 2.2
Livingston 0.384 0.035 11.0
Overton 0.396 *** *•*
Marksville 0.271 0.094 2.88
Rawson Creek 0.360 0.038 9.47
Rawson Creek 0.346 0.059 5.9
Willis Branch 0.366 0.035 10.4
Hominy Ridge 0.358 0.029 12.5
Lockhart Crossing 0.421 0.099 4.2
Holly Ridge 0.263 0.075 3.5
Elba 0.163 0.128 1.27
* Bis/C3oH = C28*bisnorhopane/C3o hopane; OI/C30H 
= 18a oleanane/C3o hopane; Bis/OI =
C28 bisnorhopane/18a oleanane. 
*** Absent or in low abundance
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
156
Wilcox reservoired oils at Lockhart Crossing Field in Livingston Parish by Walters and 
Dusang (1988). Ts/Tm ratios of the crude oils average about 0.60, similar to Wilcox EOM 
from a shale with Ro = 0.55-0.65%. Triterpane thermal maturity parameters of crude oils 
are all compatible with derivation from thermally mature equivalents of the EOM samples 
examined for this study. Walters and Dusang (1988) provide 20S/20R C29 sterane ratio 
measurements for the Lockhart Crossing Wilcox oils also. 20S/20R for the five oil samples 
averages 1.06, comparable to a Lower Tertiary EOM sample at Rq = 0.57% (Figure 38). 
%TAS values for Tertiary reservoired crude reported by Wenger et al. (1990) exhibit the 
same range as %TAS values for EOM from rocks at Rq = 0.45% to 0.82% (Figure 39). In 
summary, biomarker ratios that are indicative of thermal maturity for Tertiary reservoired 
crude oils of south and offshore Louisiana are consistent with derivation from early to late 
mature Wilcox and Sparta source rocks equivalent to those analyzed for this study.
Biomarker ratios indicative of organic facies and organic matter type include B/O and 
C27-C28;C29 sterane ratios. The majority of crude oil B/O values are < 1.0 (Table 15, data 
from: Wenger et al., 1990; Sassen, 1990), similar to B/O values of the more thermally 
mature central Louisiana Lower Wilcox, and southwest Louisiana Middle and Upper 
Wilcox EOM samples (Figure 40). Some crude oil samples, specifically those from the 
downdip Wilcox producing trend in eastern Louisiana, and the updip Wilcox producing 
trend in central Louisiana and Mississippi, have B/O values similar to, and ranging much 
higher (up to > 12.0), than EOM from Upper Wilcox shales from eastern Louisiana. The 
distribution of steranes in Wilcox and Sparta EOM is similar to, but does not
completely overlap the distribution of Cxi'-Qiz'-Qz) steranes in Tertiary-reservoired oils 
examined by Cole et al. (1990). The range of C29 sterane percentage is roughly similar for 
Wilcox and Sparta EOM compared to 108 Tertiary-reservoired crude oils of south 
Louisiana and offshore Louisiana. C27/C28 sterane ratios are lower for Tertiary-reservoired 
oils than for the Lower Tertiary EOM samples, possibly reflecting a thermal maturity or
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facies-related difference. Mesozoic oils are clearly more enriched in C27 steranes than most 
Wilcox and Sparta EOM.
Kerogen and saturate EOM carbon isotopes from this study, and crude oil isotopes 
for Upper Tertiary and Wilcox-reservoired crude oils (Wenger et al., 1990; Sassen, 1990) 
are summarized in Figure 49. The upper histogram clearly illustrates the 2.0 to 3.0%o 
difference in isotopic ratio of Wilcox and Sparta kerogen and the EOM derived from it  The 
magnitude of the difference is larger than the 1.0 %o difference usually observed between 
kerogen and EOM (Schoell, 1984; Miles, 1990). Crude oils and EOM from the same OM 
source are usually observed to have similar isotopic ratios (Schoell, 1984), which can 
therefore be used as powerful correlation parameters. However, as can been seen by 
comparing the center column of histograms with the upper histogram (Figure 49), most of 
the crude oils have intermediate between the EOM and kerogen, Thus, most of the 
oils are isotopically heavier than the EOM, but are about 1.0%o isotopically lighter than the 
kerogen. It is generally considered impossible for crude oils to be genetically related to 
isotopically lighter EOM. Cole et al. (1990, unpubl. manuscript) have invoked light-end 
loss to explain the isotopically heavier cmde oils. It is also possible that the isotopically 
heavy crude oils are a result of mixing isotopically heavy Mesozoic (Smackover equivalent) 
condensates (Wenger et al., 1990) which lack biomarkers, with isotopically lighter, Wilcox 
and Sparta sourced petroleum. However, thermal maturity and OM type may provide a 
simple explanation. Golyshev et al. (1991) found that carbon isotope ratios of EOM 
derived from humic kerogens are 2-3%o isotopically lighter than the kerogen itself. 
Sapropelic kerogen and EOM have isotopic values that are similar (Golyshev et al., 1991). 
Clayton (1991) found that thermal maturity can also impact the difference in carbon isotope 
ratios between kerogens and their syngenetic EOM. EOM of immature to early mature 
shales is usually isotopically lighter than later pulses of generated petroleum.
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Conditions of Lower Tertiary Deposition in South Louisiana
The well-preserved hydrogen-rich OM in specific organic-rich shales within deltaic 
and marine strata of the Louisiana Lower Tertiary has important implications for conditions 
of sedimentation during parts of the Paleocene and Eocene. Low TOC content, and low- 
hydrogen OM typifies most Lower Tertiary samples examined for this study, as well as 
Upper Tertiary shales examined by others. The similarity suggests that most Cenozoic 
sedimentation on the ancient northern Gulf Coast continental shelf was in normally 
oxygenated waters, and that much marine and terrestrial OM was oxidized prior to and 
during deposition. However, preservation of high hydrogen OM in high concentrations 
indicates that unusual conditions of sedimentation were met at certain times.
High TOC (>1.5%) Lower Tertiary shales with hydrogen-rich kerogen (HI>200 mg 
HC/g TOC) were deposited in two main depositional settings: below prograding shelf-edge 
sand units, and as marine transgressions above shelf-edge sands. Both of these settings 
imply that deeper water environments near the shelf edge are more conducive to high 
hydrogen OM deposition and preservation than shallow water shelf environments. It is 
probable that similar conditions continue downslope into the northern Gulf of Mexico basin 
across the outer shelf to upper slope, and possibly as deep as middle slope environments.
Average sedimentation rate is at least 0.65 ft (compacted)/1000 yrs (20 cm/1000 yrs) 
for the Midway, Wilcox and lower Claiborne Groups, assuming 10000 ft (compacted) (3 
km) accumulated over 16 million yrs. According to this estimate, the TOC versus 
sedimentation rate diagram of Stein (1990) (Figure 2) indicates that the high TOC shales 
(TOC > 1.0%) probably accumulated in anoxic waters in a region of high productivity. 
Actual sedimentation rates probably varied greatly from this estimate, ranging much higher 
during major deltaic depositional episodes, and slower during periods of hemipelagic 
sedimentation. A lower sedimentation rate requires a greater need for high productivity and
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anoxicity to preserve the OM. The lack of evidence for upwelling in the northern Gulf of 
Mexico region during the Lower Tertiary suggests that high productivity probably resulted 
from an influx of nutrient-rich deltaic effluent to the basin. The dominance of all VKA 
assemblages by terrestrial OM supports a landward nutrient source capable of overloading 
the oxygen in the water column and setting up an OMZ. Productivity would be enhanced, 
and development of an OMZ would be facilitated, by breakup and redeposition of coaly 
sediments of the highstand delta front and delta plain. Marine transgression (after a Type II 
unconformity) or subaerial exposure (Type I unconformity) could cut through coal beds 
and coaly shales; gravity currents could rapidly transport and bury the organic-rich 
terrestrial sediments downslope.
Transgressive shales worldwide are often associated with the advancement of an 
OMZ across the shelf, and may explain the occurrence of some organic-rich, hydrogen-rich 
Lower Ternary shales in transgressive settings. In particular, the Upper Wilcox is noted as 
a period of shelf edge aggradation (Lowry, 1988), punctuated by up to seven Gulfwide 
transgressions (Lowry, 1988; Dingus and Galloway, 1991), each of which, when analyzed 
for this study, is characterized by relatively high TOC shales containing hydrogen-rich OM, 
and strong biomarker evidence for anaerobic bacterial activity.
High TOC shales (>1.5%) with abundant high hydrogen OM (HI>200 mg HCVg 
TOC) of mixed terrestrial, bacterial and marine algal origin characterize the shales below, 
and interbedded with, the distal toes of the deepest water Wilcox and Sparta progradational 
sandstones examined for this study. High productivity and anoxicity are indicated by their 
presence. Because of a lack of data, it is impossible to determine whether the entire 
downslope region was anoxic during Lower Wilcox and Lower Sparta deposition, or if 
anoxicity was restricted to localized basins (e.g. Pacht and Davis, 1984). Lower Wilcox 
and Lower Sparta organic-rich shales were deposited onto an unstable continental shelf 
characterized by surface irregularities caused by incipient salt dome formation and growth
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faulting (Winker and Edwards, 1983). The surface irregularities in the outer continental 
shelf and upper slope region may be synonymous with the intraslope basin source rock 
depositional settings described by Dow (1978) and Davis and Pacht (1982). Under the 
right conditions, anoxicity can develop due to restricted bottom water circulation, or salinity 
stratification (ie. Orca Basin: McKee et al., 1979).
The depositional environments in which Lower Tertiary shales of source rock calibre 
were deposited are not unique to the Wilcox and Sparta. Why then, are similar high TOC, 
high hydrogen OM-bearing shales not found in the Oligocene to Pleistocene section of the 
northern Gulf of Mexico? Some authors note that available OM could have been diluted by 
the greater abundance and higher sedimentation rate of Upper Tertiary sediments.
However, it is possible, though not probable, that obviously organic-rich Upper Tertiary 
source rocks of 10 0  ft thickness or less have been missed in spite of the thousands of 
cuttings samples at 30-90 ft spacings. Nevertheless, thermal maturity modeling indicates 
the Upper Tertiary section is immature with respect to hydrocarbon generation in most of 
the Gulf basin (Bissada et al., 1990), so that the actual question of sourcing o f Tertiary- 
reservoired crudes by Oligocene and younger shales is untenable. It is more likely that the 
early Tertiary paleoclimate was warm enough, and water circulation slow enough to permit 
sustained development of a stratified basin in the northern Gulf of Mexico basin. It is likely 
that the lateral extent of the stratified basin will remain difficult to determine because o f a 
lack of deep basinal shale from core or well cuttings samples.
Thermal Maturity Modeling
The thermal maturation history of five Jurassic to Lower Tertiary source rock 
intervals was evaluated for western, central, and eastern south Louisiana using the 
BasinMod program (Platte River Associates, 1991). The Jurassic Smackover limestone, a 
hypothetical western equivalent of the Lower Cretaceous Sunniland limestone, the Upper
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Cretaceous Lower Tuscaloosa shale, and the Lower Tertiary Midway, Wilcox, and lower 
Claiborne shales have all been invoked as effective source rocks in the northern Gulf of 
Mexico. Tuscaloosa and Lower Tertiary source rocks have been identified in the study area 
(Wenger et aL, 1990; Sassen, 1990; Chinn et al., 1990), but older, Lower Cretaceous and 
Jurassic source rocks are penetrated in basins peripheral to the south Louisiana salt basin 
(Sassen et al., 1988; Palacas, 1984), and their presence is pure conjecture based on normal 
passive margin sediment deposition patterns. Little is known of the nature of Lower 
Cretaceous and Jurassic sediments in the study area because of deep burial, but the 
subsidence history of the northwest Gulf of Mexico suggests they are probably represented 
by deep basinal facies (Shaub et al., 1984; Melas and Friedman, 1992).
The BasinMod program calculates the thermal history of the sediment column using a 
compaction model (Sclater and Christie, 1980), and stratigraphy, lithology, surface 
temperature history (Frakes, 1986), and steady-state heat flow values (Nunn and Sassen, 
1988) suitable for the study area, and input by the user. Depth, age, and lithology was 
estimated from wells logs and deep refraction seismic cross sections (Bebout and 
Gutierrez, 1982; 1983; Worrall and Snelson, 1988). Input parameters for each of the three 
models are summarized in Table 16. Maturity level is calculated according to Lopatin’s 
(1971) assumption that the thermal maturity reaction doubles for every 10°C increase in 
temperature. Thermal maturity level is reported as Time-Temperature Index (TO) values 
(Lopatin, 1971) that were converted to Ro (Waples, 1980). The thermal maturity models 
were calibrated by comparing calculated Ro values with known thermal maturity data 
presented in this study for MRL in Allen Parish; a Fordoche-Livonia Field composite in 
southern Pointe Coupee Parish; and a Lockhart Crossing Field composite in Livingston 
Parish Steady state heat flow of 0.8 mcal/cm^ sec (Nunn and Sassen, 1986) was found to 
yield the best fit of calculated R0 to known Rq and Tmax values in western and eastern 
Louisiana while 0.7 mcal/cm^ sec (Nunn and Sassen, 1986) produced the best fit in central
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Tabla 16: Input parameters for thermal maturity models
Southern
All Models Allen Polnte C oupee L iv in gston
Beginning Present Present Present
Stratlaraphy _Age (my) Uthoiogv Thickness (ft) Thickness (ft) Thickness (ft)
Plio-Pleistocene 5.4 Sandstone -500* -100 -500
Upper Miocene 10.8 Sandstone 1000 -100 1475
Middle Miocene 16.5 Muddy Sandstone 3700 -500 3125
Lower Miocene 24.8 Shaley Sandstone 1300 307 0 1600
Anahuac 29 Limey Shale 1300 200 760
Frio 33 .8 Sandstone 1900 2550 1460
Vicksburg-Jackson 39 .6 Shaley Sandstone 700 1230 3 80
Cockfield 43 Shaley Sandstone 800 1020 450
Sparta 49 .3 Shaley Sandstone 1400 1730 700
Wilcox 60 Shaley Sandstone 3200 397 0 3400
Midway 66 .5 Shale 2400 3 0 9 0 1550
Navarro/Austin 90 Limestone 2100 59 1 0 5000
Eagleford/T uscaloosa 100 Sandy Shale 5000 5000 5000
Lower Cretaceous 140 Sandy Shale 5000 5000 5000
Cotton Valley-Norphlet 160 Sandy Shale 5000 300 0 5000
Louann 200 Evaporite 3000 300 0 300 0
* negative values indicate erosion
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Louisiana. The differences in heat flow may be related to occurrence of the eastern and 
western Louisiana locations above stable shelf sediments, and the central Louisiana location 
above an unstable shelf (Lowry, 1988; Winker and Edwards, 1983), Nunn and Sassen 
(1986) considered unstable shelf regions to have less effective heat transfer, and therefore, 
heat flow values are reduced in unstable shelf regions as compared to more stable shelves.
Calculated Rq and known thermal maturity values plotted with depth are presented in 
Figure 50 to demonstrate how the models were calibrated. The most valuable information 
derived from these models are the plots of calculated Rq with time for each of the three 
wells (Figure 50). Assuming that the hydrocarbon generation window extends from 0.55% 
to 2.0% R q ,  it can be seen that there are large differences in timing of hydrocarbon 
generation across south Louisiana (Figure 50 A-C). The Upper Jurassic passed through the 
hydrocarbon generation window between about 120  and 60 my at all three locations.
Lower Cretaceous sediments were in the hydrocarbon generation window from 94 to 44 
my in western Louisiana and from 95 to 12 my in eastern Louisiana. In central Louisiana, 
the Lower Cretaceous entered the hydrocarbon generation window 88  my and is currently 
at late mature levels with calculated R q  values between 1.5% and 2 .0 % R q .
The Upper Cretaceous Eagleford-Tuscaloosa interval entered the oil window 78 my 
and is estimated to be at 2.0% R0 today at the top of the interval in western Louisiana. In 
central Louisiana, the Eagleford-Tuscaloosa interval entered the hydrocarbon generation 
window 62 my ago and is estimated to be at about 1.5% R© at the top of the interval today. 
The Eagleford-Tuscaloosa interval began generating hydrocarbons 74 my and is presently 
at 1.4% Rq today in eastern Louisiana. The present-day Eagleford-Tuscaloosa thermal 
maturity level is consistent with the thermal maturity level indicated by Tuscaloosa 
condensates produced in Lockhart Crossing Field, Livingston Parish.
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Lowermost Midway shales in western Louisiana entered the hydrocarbon generation 
window 43 my, and about 20 my in central and eastern Louisiana, as the Oligocene, and 
then Miocene sediment wedges were deposited. In western Louisiana, the Wilcox entered 
the oil window 18 my, uppermost Wilcox shales in western Louisiana are not yet in the oil 
window. In central Louisiana, the lowermost Midway entered the oil window about 20 my, 
and the lower Wilcox entered the oil window about 5 my ago. Lower Tertiary sediments in 
the vicinity of Lockhart Crossing Reid in Livingston Parish have had a similar maturation 
history to the Lower Tertiary in central Louisiana. The Midway entered the oil window 19 
my, and the Lower Wilcox entered the oil window 9 my ago. Upper Wilcox shales are not 
yet generating petroleum in the central Louisiana and eastern Louisiana locations.
Cretaceous sediments in central Louisiana generally lag behind those in western and 
eastern Louisiana in thermal maturation history by 6  to 10 my. Heat flow differences across 
south Louisiana apparently were an important influence on maturation of pre-Tertiary 
source rocks. Upper Cretaceous maturation appears to be governed by the thickness of the 
Lower Tertiary sediment column. In turn, Lower Tertiary maturation is controlled by 
timing of deposition and thickness of the Oligocene and Neogene section. Progressive 
deposition of thick Oligocene, Lower, Middle, and Upper Miocene sediment wedges from 
west to east across south Louisiana (e.g. Woodbury, 1983) caused the Lower Tertiary to 
become mature sooner in western Louisiana than eastern Louisiana. Lower Tertiary 
sediments in central Louisiana and eastern Louisiana are at similar thermal maturity levels 
today, despite significantly lower heat flow levels in central Louisiana. This can be 
explained by the the thicker Neogene sediment section in central Louisiana and a thinner 
section in eastern Louisiana.
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1) Organic-rich shales capable of generating oil and gas exist in south Louisiana. The 
shales occur in the Paleocene Lower Wilcox Group, Lower Eocene Upper Wilcox Group 
and Middle Eocene Sparta Formation. Organic-rich shales contain above average TOC 
(>1.0%), with hydrogen-rich OM (S2>2 .0  mg HC/g rock; HI>200 mg HC/g TOC), 
capable of generating liquid as well as gaseous hydrocarbons. In comparison, other Lower 
Tertiaiy, and Oligocene and younger shales of the northern Gulf of Mexico are almost 
universally low in TOC and contain low hydrogen OM capable of generating only gaseous 
hydrocarbons.
Many of the organic-rich Wilcox and Sparta shales seem to occur in discrete intervals 
of limited thickness (<100 ft; 30 m). The true vertical and lateral extent of these organic- 
rich intervals was impossible to determine in this study because of the disparity between 
core and cuttings sample analyses and a spotty sampling pattern which extends 250 miles 
along depositional strike. Nevertheless, regional patterns are clearly apparent. Lower 
Wilcox shales in eastern and central Louisiana (e.g. SW, ABH, MK) that were sampled 
from core are among the most organic-rich of the data set. Organic-rich Upper Wilcox 
shales occur in Allen (MRL, AM, AB), Pointe Coupee (S8 S, TD), and Livingston (FM) 
Parishes; Sparta shales from Pointe Coupee Parish in central Louisiana are also organic- 
rich with high hydrogen OM.
2) Shale geochemical composition strongly correlates with depositional environment 
Gray and tan shales deposited in high energy, oxygenated conditions make up the majority 
of Lower Tertiary shales deposited on the Paleocene continental shelf. These shales are low 
TOC (<1.0%) with low hydrogen (S2< 1.0  mg HC7g rock; HI<100 mg HC/g TOC), 
oxidized OM. Most are considered to be prodelta shales deposited in front of Lower 
Tertiaiy deltaic systems. About 10% of the analyzed samples are high TOC shales with
169
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high hydrogen OM. These shales are black to brown, laminated, and show little visible 
bioturbation. When present, burrows often originate in interbedded sandstone beds, but do 
cut through shale laminae.
The high TOC, hydrogen-rich shales are frequently found in association with sand 
reservoirs interpreted to be shelf-edge bar sands in sections sampled by conventional core. 
High TOC shales can be covered by and thinly interbedded with progradational sands, or 
they can be transgressive, occurring as laminated shales above the shelf edge sand unit 
Above major stage boundaries (Upper Cretaceous-Lower Tertiary and Wilcox-lower 
Claiborne), slightly more organic-rich and more hydrogen-rich intervals occur consistently 
about 150 ft above the boundary, possibly marking the widest areal extent of the regional 
transgressions that define the stage boundaries. Major stage boundaries are only sampled 
by cuttings, so the magnitude of changes in organic character is diminished, and source 
rock potential is not clearly established with these samples. High TOC shales also 
accumulate in interdistributary bay environments. These shales contain some of the highest 
concentrations of OM, but the OM is hydrogen-poor, signifying relatively less marine OM 
input, and higher terrestrial input than the high TOC shales deposited in marine 
environments.
3) The existence of the organic-rich Lower Tertiary marine shales has important 
implications for depositional conditions in the Paleogene Gulf of Mexico. Preservation of 
hydrogen-rich OM in laminated, non-bioturbated shales in specific depositional 
environments implies that very low oxygen conditions were achieved at specific times 
during the early Tertiary. Numerous geochemical and physical rock characteristics indicate 
that low oxygen conditions prevented bioturbation, supported anaerobic bacterial activity, 
and preserved high hydrogen OM and shale depositional laminae. Elevated biologic 
productivity levels may have led to the development of a sustained OMZ which could have 
trangressed the outer continental shelf during sea-level highstands. Alternatively, isolated
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intraslope basins may have contained zones of low-oxygen waters of restricted circulation 
or salinity stratification. High productivity was probably facilitated by nutrient-rich deltaic 
effluent, and possibly, by downcutting and downslope transport o f partly degraded, delta 
plain coals and coaly shale debris during late highstand and lowstand. Transgressions and 
intraslope basins in deltaic depositional systems have occurred throughout the Cenozoic in 
the northern Gulf of Mexico however, and source rocks have not been identified in the 
Upper Tertiary section in spite of exhaustive sample collection and geochemical analysis. 
Lower Tertiary source rocks were deposited before the modem "icehouse" paleoclimate, 
and polar-driven oceanic circulation patterns were established in the Oligocene. Thus, the 
early Cenozoic was more like the Cretaceous than any other Cenozoic time period. This 
difference in paleoclimates and paleooceanographic water circulation patterns may the 
overriding control of Lower Tertiary organic-rich shale deposition.
5) The organic-rich Lower Tertiary shales share geochemical affinities that suggest a 
genetic relationship with crude oils in Tertiary and Quaternary reservoirs in the south 
Louisiana and offshore Louisiana petroleum province. Bulk EOM geochemical parameters, 
biomarkers, and carbon isotopes are mostly consistent with crude oil data. Almost all EOM 
geochemical ratios are similar to those of crude oil samples reported by others for crude oils 
in southern and offshore Louisiana. EOM based thermal maturity measures such as C15+ 
chromatogram character, Pr/Ph, CPI, and biomarker ratios including 20S/20R, 
20S/20S+20R, and Ts/Tm are in agreement with an early mature to late mature thermal 
maturity level for the Lower Tertiary sample suite as determined by kerogen-based 
parameters such as Tmax» PL and Rq. In itself, this observation lends great support to the 
idea of sourcing of Tertiary-reservoired crudes by Lower Tertiary shales in the south 
Louisiana producing region. Like other geochemical parameters affected by thermal 
maturation, carbon isotopes of kerogen and EOM are observed to become isotopically 
heavier with greater burial depth and thermal maturity level. Although many Tertiary-
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reservoired crude oil saturate fractions have carbon isotopic values that are up to 3.0 o/oo 
heavier than Wilcox and Sparta EOM samples examined in this study, the most deeply 
buried and thermally mature EOM samples are similar in isotopic composition to the crude 
oil saturate fractions.
EOM geochemistry also is indicative of OM assemblage preserved in the rock, and by 
analogy, OM depositional environment Pr/Ph and CPI suggest that the EOM is derived 
from immature source rocks dominated by large amounts of terrestrial OM, and that the 
shales were deposited in waters that were not highly reducing. The presence of the 
bisnorhopane and oleanane biomarker species indicates that anaerobic bacterial and 
terrestrial angiosperm OM is an important component of the OM assemblage. CiT-Cig.C?) 
sterane ternary diagrams indicate that again, terrestrially-derived OM is an important 
component of the OM assemblage, but that algal OM rich in C27 steranes is also present. 
Tertiary-reservoired crude oils and Lower Tertiary EOM samples have slightly different 
amounts of C28 steranes, but similar Q.2T&19 ratios, further suggesting an oil-source 
relationship.
6) Thermal maturity models show the Lower Tertiary is presently just above, or 
within the oil window in the south Louisiana study area. Jurassic and Lower Cretaceous 
sediments are projected to be overmature in much of the province. The Upper Cretaceous is 
mature in the eastern part of the study area. Notably, the Lower Tertiary section examined 
for this study is from the ancient continental shelf edge, and the Lower Tertiary section 
plummets to depths greater than 25000 ft (7620 m) within several 10's of miles (16 km) 
south of the study area. Therefore, the Lower Tertiary section probably became thermally 
mature and generative during the Upper Tertiary, is presently generating in parts of south 
Louisiana, and where most deeply buried (e.g. southern Cameron Parish), is probably 
post-mature today.
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APPENDIX A: PROGRAMMED PYROLYSIS DATA
Wall Depth (ft) Depth (m) %TOC SI S2 S3 H 01 R Tmax
MSL 9290 2831.6 0.40 0.03 0.16 0.36 40 90 0.17 384
MSL 9380 2859.0 0.64 0.06 0.62 0.23 96 35 0.09 438
MSL 9560 2913.9 0.58 0.11 0.62 0.09 106 15 0.15 441
MSL 12100 3688.1 0.33 0.01 0.09 0.23 27 69 0.10 416
MSL 12150 3703.3 0.72 0.01 0.23 0.89 31 123 0.04 330
MSL 12210 3721.6 0.40 0.03 0.14 0.28 35 70 0.19 296
MSL 12250 3733.8 0.41 0.04 0.19 0.24 46 58 0.18 339
MSL 12310 3752.1 0.67 0.08 0.54 0.44 80 65 0.13 437
MSL 12350 3764.3 0.37 0.01 0.13 0.38 35 102 0.07 431
MSL 12440 3791.7 0.35 0.00 0.06 0.53 17 151 0.00 450
MSL 12500 3810.0 0.32 0.00 0.04 0.49 12 153 0.00 393
MSL 12520 3816.1 0.45 0.04 0.23 0.38 51 84 0.15 324
MSL 12620 3846.6 0.78 0.03 0.31 1.03 39 132 0.09 355
MSL 12640 3852.7 0.31 0.01 0.03 0.44 9 141 0.25 294
MSL 12690 3867.9 0.84 0.04 0.26 0.97 30 115 0.13 353
MSL 12700 3871.0 0.51 0.03 0.14 0.44 27 86 0.19 346
MSL 12720 3877.1 0.50 0.06 0.19 0.34 38 68 0.25 342
MSL 12770 3892.3 0.45 0.03 0.11 0.42 24 93 0.21 335
MSL 12800 3901.4 0.53 0.09 0.19 0.37 35 69 0.32 366
MSL 12960 3950.2 0.65 0.33 0.62 0.28 95 43 0.35 455
MSL 12980 3956.3 0.75 0.18 0.37 0.49 49 65 0.33 451
MSL 13030 3971.5 1.01 0.34 0.72 0.62 71 61 0.32 445
MSL 13060 3980.7 1.26 0.08 0.37 1.29 29 102 0.18 454
MSL 13090 3989.8 1.19 0.03 0.24 1.36 20 114 0.12 352
MSL 13140 4005.1 2.06 0.31 2.14 3.15 103 152 0.13 421
MSL 13170 4014.2 2.09 0.08 0.66 2.91 31 139 0.11 452
MSL 13210 4026.4 1.52 0.27 1.31 2.21 86 145 0.17 444
MSL 13260 4041.6 0.68 0.09 0.26 0.75 38 110 0.26 400
MSL 13310 4056.9 1.54 0.01 0.41 2.14 26 138 0.02 424
MSL 13360 4072.1 1.06 0.14 0.84 1.85 79 174 0.14 442
MSL 13390 4081.3 0.70 0.06 0.18 0.71 25 101 0.25 401
MSL 13430 4093.5 0.99 0.52 1.34 0.89 135 89 0.28 443
MSL 13540 4127.0 0.47 0.04 0.08 0.86 17 182 0.33 417
MSL 13600 4145.3 1.02 0.51 1.15 0.65 112 63 0.31 451
MSL 13710 4178.8 0.92 0.09 0.26 0.92 28 100 0.26 387
MSL 13780 4200.1 0.46 0.06 0.08 0.32 17 69 0.43 318
MSL 13890 4233.7 0.99 0.52 0.80 0.41 80 41 0.39 458
MSL 13990 4264.2 0.64 0.14 0.31 0.54 48 84 0.32 407
MSL 14090 4294.6 0.92 0.39 0.56 0.38 60 41 0.41 468
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1 8 5
Well Depth (ft) Depth (m) %TOC S1 S2 S3 H 01 R Tmax
MSL 14130 4306.8 2.03 0.36 1.76 3.10 86 152 0.17 437
MSL 14200 4328.2 0.86 0.31 0.63 0.97 73 112 0.33 459
MSL 14290 4355.6 0.83 0.26 0.44 1.36 53 163 0.37 464
MSL 14380 4383.0 0.47 0.04 0.08 0.62 17 131 0.33 337
MSL 14460 4407.4 0.43 0.13 0.03 0.08 6 18 0.81 283
MSL 14530 4428.7 0.54 0.16 0.26 0.41 48 75 0.38 390
MSL 14630 4459.2 0.58 0.19 0.27 0.57 46 98 0.41 296
MSL 14810 4514.1 0.48 0 .1 ' 0.18 0.78 37 162 0.44 324
MSL 14900 4541.5 0.61 0.27 0.77 0.67 126 109 0.26 409
MSL 14990 4569.0 0.44 0.11 0.16 0.49 36 111 0.42 424
MSL 15090 4599.4 0.40 0.06 0.04 0.64 10 160 0.60 284
MSL 15220 4639.1 0.58 0.18 0.46 0.74 79 127 0.28 435
MSL 15320 4669.5 0.92 0.31 1.28 0.81 139 88 0.20 431
MSL 15420 4700.0 0.81 0.42 0.64 0.88 79 108 0.40 420
MSL 15520 4730.5 0.64 0.29 0.41 0.59 64 92 0.41 391
ABS 13300 4053.8 0.95 0.26 0.88 1.49 92 156 0.23 433
ABS 13400 4084.3 0.87 0.06 0.56 1.10 64 126 0.10 438
ABS 13500 4114.8 0.71 0.11 0.57 0.86 80 121 0.16 441
ABS 13600 4145.3 0.84 0.23 1.44 0.61 171 72 0.14 443
ABS 13700 4175.8 0.78 0.34 1.53 0.52 196 66 0.18 446
ABS 13800 4206.2 0.99 0.34 1.74 0.73 175 73 0.16 444
ABS 13900 4236.7 0.84 0.21 1.44 0.56 171 66 0.13 445
ABS 13990 4264.2 0.66 0.06 0.39 0.84 59 127 0.14 445
ABS 14100 4297.7 0.80 0.09 0.38 1.11 47 138 0.20 441
ABS 14200 4328.2 0.75 0.13 0.88 0.82 117 109 0.13 442
ABS 14300 4358.6 0.73 0.41 1.33 0.74 182 101 0.24 444
ABS 14600 4450.1 0.51 0.18 0.70 0.38 137 74 0.20 443
ABS 14700 4480.6 0.44 0.06 0.26 0.51 59 115 0.19 408
ABS 14800 4511.0 0.94 0.36 1.80 0.58 191 61 0.17 444
ABS 14990 4569.0 0.87 0.18 1.09 0.54 125 62 0.14 446
ABS 15160 4620.8 1.90 0.54 5.92 1.08 311 56 0.08 441
MFL 10648 3245.5 1.70 0.20 1.39 0.81 81 47 0.13 423
NFL 10686 3257.1 0.12 0.01 0.05 0.31 41 258 0.17 429
MFL 10904 3323.5 0.41 0.03 0.33 0.20 80 48 0.08 439
NFL 10905 3323.8 0.43 0.05 0.34 0.48 79 111 0.13 428
MRL 11242 3426.6 0.38 0.08 0.20 0.59 52 155 0.29 428
NFL 12006 3659.4 0.56 0.14 0.57 0.33 101 58 0.20 436
NFL 12006 3659.4 0.55 0.13 0.54 0.33 98 60 0.19 432
NFL 12066 3677.7 1.21 0.28 1.32 0.43 109 35 0.18 438
NFL 12073 3679.9 1.21 0.19 1.46 0.41 120 33 0.12 434
MRL 12101 3688.4 0.84 0.10 0.70 0.37 83 44 0.13 438
NFL 12194 3716.7 0.13 0.81 0.22 0.54 169 415 0.79 396
NFL 12197 3717.6 0.05 0.24 0.09 0.09 180 180 0.73 563
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Well Depth (ft) Depth (m) %TOC S1 S2 S3 H a R Tmax
MRL 12219 3724.4 2.17 0.41 3.18 0.70 146 32 0.11 431
U I 12273 3740.8 1.66 0.39 2.63 0.49 158 29 0.13 437
Ml 12334 3759.4 2.13 0.36 1.54 0.70 72 32 0.19 427
MRL 12336 3760.0 2.55 0.48 1.96 0.81 76 31 0.20 426
ML 12351 3764.6 0.78 0.22 0.56 0.41 71 52 0.28 433
MRL 12396 3778.3 0.19 0.36 0.37 0.26 194 136 0.49 440
MRL 12400 3779.5 0.17 0.08 0.36 0.18 211 105 0.18 473
ML 12408 3782.0 0.33 0.11 0.50 0.35 151 106 0.18 431
ML 12415 3784.1 1.09 0.20 1.20 0.48 110 44 0.14 432
MRL 12431 3789.0 1.47 0.14 0.92 0.59 62 40 0.13 431
Ml 12444 3792.9 1.06 0.23 0.79 0.50 74 47 0.23 431
Ml 12457 3796.9 0.15 0.03 0.08 0.51 53 340 0.27 437
M l 12459 3797.5 0.84 0.19 0.97 0.23 115 27 0.16 435
MRL 12469 3800.6 0.74 0.21 0.75 0.33 101 44 0.22 440
Ml 12472 3801.5 0.43 0.12 0.51 0.31 118 72 0.19 442
MFL 12473 3801.8 0.51 0.14 0.45 0.36 88 70 0.24 439
Ml 12475 3802.4 1.27 0.18 1.32 0.35 103 27 0.12 434
Ml 12476 3802.7 3.85 0.50 3.61 0.89 93 23 0.12 428
MRL 12478 3803.3 1.26 0.21 1.15 0.34 91 26 0.15 435
Ml 12481 3804.2 1.28 0.20 1.17 0.24 91 18 0.15 434
Ml 12482 3804.5 1.13 0 11 0.77 0.36 68 31 0.13 439
Ml 12486 3805.7 0.62 0.63 0.91 0.55 146 88 0.41 434
MRL 12504 3811.2 0.89 0.19 0.64 0.52 71 58 0.23 430
Ml 12527 3818.2 0.81 0.09 0.44 0.46 54 56 0.17 431
Ml 12542 3822.8 0.36 0.22 0.49 0.48 136 133 0.31 429
Ml 12558 3827.7 2.16 0.46 3.50 0.50 162 23 0.12 433
ML 12559 3828.0 0.42 0.16 0.32 0.60 76 142 0.33 430
ML 12563 3829.2 1.01 0.34 1.25 0.62 123 61 0.21 435
ML 12569 3831.0 0.77 0.19 0.77 0.52 100 67 0.20 433
MRL 12572 3831.9 1.18 0.73 1.59 0.63 134 53 0.31 435
Ml 12583 3835.3 4.16 2.37 22.35 0.98 537 23 0.10 430
Ml 12592 3838.0 0.63 0.12 0.44 0.52 69 f* Ao c . 0.21 438
Ml 12636 3851.5 0.52 0.15 0.55 0.31 105 59 0.21 439
ML 12662 3859.4 0.80 0.14 0.63 0.36 78 45 0.18 440
Ml 12668 3861.2 0.60 0.08 0.43 0.38 71 63 0.16 443
ML 12687 3867.0 2.14 0.49 2.41 0.49 112 22 0.17 428
Ml 12688 3867.3 1.00 0.23 0.70 0.32 70 32 0.25 434
MRL 12689 3867.6 1.04 0.28 1.50 0.18 144 17 0.16 n.a.
ML 12691 3868.2 2.70 0.30 2.47 0.50 91 18 0.11 426
MFL 12713 3874.9 0.91 0.25 1.02 0.61 112 67 0.20 437
Ml 12726 3878.9 1.21 0.33 1.72 0.43 142 35 0.16 439
MRL 12733 3881.0 0.80 0.17 1.11 0.56 139 70 0.13 450
Ml 12733 3881.0 1.07 0.26 1.55 0.57 144 53 0.14 435
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Well Depth (ft) Depth (m) %T0C S1 S2 S3 H ◦ R Tmax
ML 12748 3885.6 1.26 0.34 1.57 0.32 124 25 0.18 435
ML 12756 3888.0 1.33 0.44 1.73 0.48 130 36 0.20 436
ML 12764 3890.5 0.86 0.34 0.99 0.39 115 45 0.26 431
M l 12766 3891.1 0.69 0.21 0.90 0.42 130 60 0.19 n.a.
ML 12781 3895.6 1.21 0.33 1.30 0.57 107 47 0.20 437
MRL 12786 3897.2 0.98 0.15 1.14 0.40 116 40 0.12 437
MRL 12786 3897.2 0.65 0.21 0.77 0.49 118 75 0.21 448
ML 12787 3897.5 0.54 0.16 0.52 0.23 96 42 0.24 n.a.
ML 12788 3897.8 0.95 0.26 1.09 0.34 114 35 0.19 437
ML 12792 3899.0 0.36 0.17 0.43 0.17 119 47 0.28 431
ML 12809 3904.2 0.90 0.14 0.95 0.25 105 27 0.13 437
MRL 12810 3904.5 0.30 0.25 0.38 0.31 126 103 0.40 433
ML 12827 3909.7 0.55 5.04 0.37 0.26 67 47 0.93 384
MRL 12853 3917.6 0.16 0.08 0.15 0.12 93 75 0.35 440
ML 12853 3917.6 0.17 0.09 0.11 0.15 64 88 0.45 444
MRL 12860 3919.7 0.76 0.18 1.08 0.33 142 43 0.14 435
ML 12860 3919.7 0.92 0.28 1.28 0.32 139 35 0.18 448
ML 12862 3920.3 1.53 0.76 2.98 0.33 194 21 0.20 431
ML 12877 3924.9 1.85 0.61 4.18 0.45 226 24 0.13 449
ML 12877 3924.9 1.70 0.58 3.11 0.34 182 20 0.16 436
ML 12888 3928.3 2.08 0.71 4.65 0.53 224 25 0.13 449
ML 12888 3928.3 2.00 0.47 3.46 0.48 173 24 0.12 435
MRL 12891 3929.2 0.68 0.26 0.80 0.37 117 54 0.25 435
ML 12897 3931.0 £.85 0.94 6.31 0.64 221 22 0.13 433
ML 12935 3942.6 2.22 0.61 3.87 0.38 173 17 0.14 435
ML 12936 3942.9 1.83 3.76 2.85 0.48 155 26 0.57 431
MRL 12940 3944.1 1.60 0.74 3.31 0.39 206 24 0.18 434
ML 12950 3947.2 1.16 0.52 2.03 0.44 175 37 0.20 434
ML 12961 3950.5 0.58 0.15 0.55 0.35 95 60 0.21 150
ML 12961 3950.5 0.82 0.14 1.08 0.70 131 85 0.11 437
ML 12965 3951.7 1.95 0.76 4.24 0.55 217 28 0.15 a a  n
ML 13009 3965.1 0.52 3.26 0.73 0.32 140 61 0.82 422
ML 13018 3967.9 0.64 3.91 0.75 0.22 117 34 0.84 430
ML 13060 3980.7 0.81 0.28 0.69 0.41 85 50 0.29 433
ML 13061 3981.0 0.47 0.09 0.27 0.23 57 49 0.25 443
MRL 13062 3981.3 0.80 0.16 0.51 0.37 53 46 0.24 434
ML 13064 3981.9 0.69 0.15 0.53 0.16 76 23 0.22 441
ML 13068 3983.1 0.49 0.23 0.52 0.26 106 53 0.31 434
MRL 13078 3986.2 0.48 0.17 0.67 0.24 139 50 0.20 437
ML 13108 3995.3 0.73 0.29 0.92 0.29 126 39 0.24 435
ML 13108 39C5.3 0.34 0.09 0 25 0.25 65 74 0.24 449
ML 13161 4011.5 1.63 0.52 2.22 0.44 136 27 0.19 447
ML 14109 4300.4 0.72 0.13 0.52 0.21 72 29 0.15 461
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Well Depth (ft) Depth (m) %TOC S1 S2 S3 H CX R Tmax
MRL 14115 4302.3 1.12 0.21
run. 1411G 4302.6 0.63 0.15
MRL 14119 4303.5 1.08 0.21
(URL 14129 4306.5 1.29 0.21
MRL 14131 4307.1 0.76 0.16
(URL 14135 4308.3 0.87 0.15
(URL 14140 4309.9 0.68 0.13
MRL 14156 4314.7 0.05 0.05
(URL 14158 4315.4 0.14 0.07
MRL 14161 4316.3 0.21 0.10
MRL 14162 4316.6 0.11 0.05
MRL 14173 4319.9 0.43 0.11
MRL 14175 4320.5 0.34 0.09
MRL 14178 4321.5 0.35 0.11
(uRL 14178 4321.5 0.30 0.12
MRL 14216 4333.0 0.09 0.09
MRL 14219 4334.0 0.07 0.05
(URL 14225 4335.8 0.08 0.06
MRL 14229 4337.0 0.09 0.14
MRL 14900 4541.5 0.53 0.16
(URL 14910 4544.6 0.26 0.08
MRL 14920 4547.6 0.56 0.11
(URL 14935 4552.2 0.88 0.32
MRL 15280 4657.3 0.61 0.12
MRL 15336 4674.4 0.05 0.04
(URL 15338 4675.0 0.11 0.14
MRL 15341 4675.9 0.05 0.03
MRL 15346 4677.5 0.08 0.03
(URL 15434 4704.3 1.90 0.60
MRL 15437 4705.2 2.01 0.62
MRL 15447 4708.2 1.17 0.34
(URL 15450 4709.2 2.38 0.42
MRL 15470 4715.3 1.36 0.38
(URL 15478 4717.7 1.18 0.23
MRL 15478 4717.7 1.09 0.23
MRL 15480 4718.3 1.47 0.28
MRL 15480 4718.3 1.39 0.29
MRL 15481 4718.6 1.23 0.30
MRL 15481 4718.6 1.12 0.25
MRL 15483 4719.2 1.32 0.31
(uRL 15483 4719.2 1.30 0.30
MRL 15483 4719.2 1.40 0.37
MRL 15485 4719.8 0.22 0.08
1.06 0.13 94 11 0.16 444
0.55 0.16 87 25 0.19 452
0.94 0.19 87 17 0.16 441
1.04 0.22 80 17 0.14 438
0.82 0.20 107 26 0.17 455
0.63 0.17 72 19 0.15 443
0.51 0.29 75 42 0.16 453
0.09 0.14 180 280 0.50 533
0.27 0.14 192 100 0.33 520
0.26 0.18 123 85 0.32 507
0.16 0.09 145 81 0.31 552
0.55 0.18 127 41 0.20 440
0.61 0.16 179 47 0.21 434
0.63 0.13 180 37 0.24 494
0.37 0.22 123 73 0.29 445
0.17 0.18 188 177 0.50 525
0.21 0.12 300 171 0.42 503
0.22 0.08 275 100 0.43 532
0.22 0.11 244 122 0.61 524
0.94 0.24 56 25 0.15 441
0.23 0.26 113 113 0.26 512
0.45 0.33 124 73 0.20 489
0.94 0.28 93 29 0.25 441
0.24 0.27 254 112 0.33 556
0.11 0.26 220 520 0.44 423
0.44 0.25 400 227 0.56 372
0.14 0.25 280 500 0.38 536
0.29 0.14 362 175 0.27 551
2.05 0.30 107 15 0.24 449
2.06 0.22 102 10 0.24 446
1.22 0.24 104 20 0.23 451
1.31 0.23 181 17 0.24 460
1.38 0.18 101 13 0.22 450
0.80 0.28 67 23 0.16 448
0.81 0.17 74 15 0.17 452
1.06 0.25 72 17 0.16 449
0.96 0.21 69 15 0.17 450
1.02 0.41 82 33 0.20 447
0.96 0.30 85 26 0.18 447
0.86 0.32 65 24 0.19 447
0.97 0.31 74 23 0.19 455
1.28 0.80 109 62 0.22 444
0.23 0.18 104 81 0.27 513
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Well Depth (ft) Depth (m) %TOC S1 S2 S3 H 01 R Tmax
NFL 15488 4720.7 0.20 0.12 0.38 0.25 190 125 0.38 588
NFL 15490 4721.4 1.77 0.19 0.44 0.61 402 138 0.30 574
NFL 15492 4722.0 0.19 0.10 0.31 0.31 163 163 0.34 582
MRL 15493 4722.3 0.19 0.10 0.20 0.22 105 115 0.34 511
MRL 15502 4725.0 0.41 0.19 0.79 0.13 192 31 0.32 489
MRL 15502 4725.0 0.74 0.13 0.54 0.38 137 70 0.19 517
MRL 15505 4725.9 0.61 0.26 0.90 0.13 147 21 0.30 451
NFL 15508 4726.8 0.41 0.17 0.63 0.16 153 39 0.29 539
NFL 15510 4727.4 2.37 0.35 0.66 0.37 359 56 0.35 442
NFL 15512 4728.1 0.37 0.17 0.63 0.12 170 32 0.31 476
NFL 15520 4730.5 0.76 0.19 0.88 0.50 86 56 0.18 456
NFL 15530 4733.5 0.72 0.24 0.83 0.22 86 26 0.22 456
NFL 15550 4739.6 1.02 0.37 1.41 0.43 72 30 0.21 439
NFL 15590 4751.8 0.86 0.28 1.22 0.91 70 74 0.19 447
NFL 15805 4756.4 M A A 1 • V V A OA V .O V 1.57 0.45 63 28 0.16 447
MRL 15610 4757.9 2.01 0.32 1.42 0.39 141 27 0.18 443
NFL 15635 4765.5 1.11 0.35 1.59 0.69 69 43 0.18 447
MRL 15680 4779.3 1.19 0.28 1.95 0.80 61 41 0.13 430
NFL 15695 4783.8 1.01 0.27 1.74 0.86 58 49 0.13 442
NFL 15710 4788.4 3.24 0.74 2.25 0.38 144 16 0.25 447
NFL 15720 4791.5 0.62 0.18 0.91 1.40 68 153 0.17 443
NFL 15740 4797.6 0.89 0.16 1.01 1.16 88 114 0.14 445
NFL 15760 4803.6 0.57 0.07 0.40 0.79 142 197 0.15 465
NFL 15800 4815.8 0.72 0.27 0.83 1.05 86 126 0.25 454
NFL 15810 4818.9 1.75 0.29 1.08 0.30 162 27 0.21 464
MRL 15835 4826.5 1.00 0.40 1.25 0.88 80 70 0.24 450
NFL 15850 4831.1 1.03 0.23 0.99 0.75 104 75 0.19 466
NFL 15870 4837.2 0.89 0.29 1.26 0.58 70 46 0.19 449
MRL 15920 4852.4 4.07 1.16 2.70 0.50 150 18 0.30 446
MRL 15930 4855.5 2.21 0.67 1.82 0.38 121 20 0.27 451
MRL 15940 4858.5 0.80 0.24 0.96 0.57 83 59 0.20 460
NFL 15940 4858.5 1.70 0.33 1.08 0.36 157 33 0.23 457
NFL 15950 4861.6 0.71 0.28 0.97 0.37 73 38 0.22 447
NFL 15950 4861.6 1.23 0.24 0.95 0.33 129 34 0.20 486
AM 12632 3850.2 1.06 0.24 1.64 0.26 154 24 0.13 443
AM 12642 3853.3 1.57 0.27 1.33 0.41 84 26 0.17 436
AM 12855 3857.2 1.92 0.31 2.31 0.30 107 14 0.12 436
AM 12668 3861.2 2.37 0.40 2.74 0.32 115 13 0.13 436
AM 12692 3868.5 1.48 0.32 1.91 0.89 129 60 0.14 441
AM 12700 3871.0 1.88 0.55 3.24 0.35 172 18 0.15 440
AM 12733 3881.0 1.82 0.41 2.39 0.74 131 40 0.15 440
AM 12805 3903.0 4.83 1.37 8.29 0.54 171 11 0.14 432
AM 12815 3906.0 4.45 1.23 9.90 0.43 222 9 0.11 431
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Well Depth (ft) Depth (m) %T0C S1 S2 S3 H O R Tmax
AM 12823 3908.5 2.55 0.73 3.46 0.33 135 12 0.17 434
AM 12840 3913.6 1.22 0.52 1.68 0.32 137 26 0.24 443
AM 12843 3914.5 2.25 0.81 3.94 0.25 175 11 0.17 437
AM 12851 3917.0 2.53 0.74 3.85 0.51 152 20 0.16 434
AM 12856 3918.5 1.23 0.35 1.86 0.25 151 20 0.16 437
AM 12874 3924.0 2.05 0.47 3.14 0.25 153 12 0.13 437
AM 12875 3924.3 2.67 0.44 1.84 0.42 68 15 0.19 435
AM 12881 3926.1 3.13 0.43 2.68 0.61 85 19 0.14 428
AM 12894 3930.1 0.94 0.14 0.82 0.30 87 31 0.15 432
AM 12999 3962.1 0.75 0.13 0.68 0.59 90 78 0.16 440
AM 13001 3962.7 0.80 0.19 1.00 0.40 125 50 0.16 439
AM 13003 3963.3 1.00 0.26 1.26 0.29 126 29 0.17 437
AM 13047 3976.7 1.40 0.41 2.44 1.64 174 117 0.14 439
AM 13076 3985.6 1.76 0.43 2.70 0.29 153 16 0.14 437
AM 13084 3988.0 0.52 0.18 1.07 0.20 205 38 0.14 435
AM 13367 4074.3 1.31 0.43 2.21 0.30 168 22 0.16 437
AM 13396 4083.1 1.79 0.47 2.72 0.22 151 12 0.15 442
AM 13397 4083.4 1.65 0.54 2.68 0.26 162 15 0.17 440
AM 13398 4083.7 0.62 0.11 0.75 0.30 120 48 0.13 439
AM 13640 4157.5 0.87 0.19 1.09 0.20 125 22 0.15 440
AM 13655 4162.0 1.00 0.27 1.46 0.13 146 13 0.16 440
AM 13672 4167.2 1.05 0.22 1.40 0.17 133 16 0.14 438
AM 13673 4167.5 1.10 0.29 1.83 0.19 166 17 0.14 441
AM 13684 4170.9 0.56 0.10 0.63 0.17 112 30 0.14 441
AM 13685 4171.2 0.56 0.10 0.72 0.19 128 33 0.12 442
AM 13686 4171.5 0.93 0.19 1.18 0.16 126 17 0.14 437
AM 13756 4192.8 0.82 0.17 1.72 0.19 209 23 0.09 439
AM 13760 4194.0 1.27 0.34 2.13 0.20 167 15 0.14 442
AM 13774 4198.3 1.98 0.76 3.41 0.28 172 14 0.18 441
AM 13783 4201.1 0.86 0.19 1.38 0.16 160 18 0.12 440
AM 13806 4208.1 1.49 0.49 2.43 0.28 163 18 0.17 439
AM 13815 4210.8 1.28 0.46 1.89 0.44 147 34 0.20 441
AM 13827 4214.5 2.08 0.69 3.52 0.29 169 13 0.16 445
AM 13828 4214.8 1.06 0.27 1.45 0.34 136 32 0.16 441
AM 13840 4218.4 1.14 0.28 1.54 0.23 135 20 0.15 446
AM 13846 4220.3 1.46 0.48 2.06 0.24 141 16 0.19 443
AM 13859 4224.2 2.25 0.81 4.15 0.27 184 12 0.16 444
AM 13872 4228.2 0.92 0.13 3.85 0.24 418 26 0.03 402
AM 13879 4230.3 0.94 0.16 0.89 0.22 94 23 0.15 444
AM 13923 4243.7 2.06 0.60 3.39 0.27 164 13 0.15 444
AM 13942 4249.5 5.47 1.66 8.78 0.48 160 8 0.16 436
AM 13949 4251.7 3.03 0.90 6.20 0.27 204 8 0.13 444
AM 13953 4252.9 2.78 0.85 5.16 0.25 185 8 0.14 442
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Well Depth (ft) Depth (m) %TCC S1 S2 S3 H a R Tmax
AM 13956 4253.8 2.24 0.97 5.22 0.29 233 12 0.16 447
AM 13977 4260.2 3.57 0.97 6.51 0.41 182 11 0.13 444
AM 13985 4262.6 2.34 0.87 3.64 0.24 155 10 0.19 440
AM 14003 4268.1 1.75 0.53 2.53 0.21 144 12 0.17 442
AM 14027 4275.4 0.88 0.24 1.15 0.14 130 15 0.17 441
AM 14035 4277.9 1.95 0.59 3.33 0.36 170 18 0.15 438
AM 14043 4280.3 1.98 0.64 3.89 0.19 196 9 0.14 440
AM 14055 4284.0 1.01 0.28 0.96 0.16 95 15 0.23 442
AM 14058 4284.9 0.77 0.23 0.89 0.26 115 33 0.21 442
AM 14086 4293.4 0.72 0.14 0.70 0.1.5 97 20 0.17 435
AM 14093 4295.5 2.08 0.56 2.81 0.21 135 10 0.17 442
AM 14119 4303.5 1.02 0.25 1.07 0.22 104 21 0.19 443
AM 14140 4309.9 3.67 1.31 7.18 0.23 195 6 0.15 442
AM 14153 4313.8 1.95 0.61 2.61 0.22 133 11 0.19 442
AM 14163 4316.9 0.86 0.23 0.88 0.18 102 20 0.21 443
AM 14165 4317.5 1.25 0.25 1.61 0.20 128 16 0.13 448
AM 14189 4324.8 2.05 0.66 3.30 0.22 160 10 0.17 443
AM 14192 4325.7 1.98 0.67 3.65 0.23 184 11 0.16 443
AM 14196 4326.9 0.71 0.13 0.68 0.21 95 29 0.16 446
AM 14212 4331.8 0.61 0.13 0.62 0.19 101 31 0.17 434
AM 14213 4332.1 0.63 0.10 0.56 0.17 88 26 0.15 447
AM 14215 4332.7 0.77 0.15 0.76 0.19 98 24 0.16 447
AM 14223 4335.2 0.64 0.11 0.61 0.16 95 25 0.15 439
AM 14225 4335.8 0.72 0.13 0.64 0.13 88 18 0.17 445
AM 14228 4336.7 0.74 0.13 0.73 0.14 98 18 0.15 447
AM 14229 4337.0 0.75 0.15 0.71 0.16 94 21 0.17 445
AM 14231 4337.6 0.83 0.13 0.80 0.15 96 18 0.14 445
AM 14288 4355.0 0.66 0.16 0.70 0.29 106 43 0.19 446
AM 14325 4366.3 1.49 0.49 2.77 0.20 186 13 0.15 444
AM 14336 4369.6 0.84 0.20 1.07 0.17 127 20 0.16 445
AM 14359 4376.6 1.34 0.46 2.11 0.28 157 20 0.18 445
AM 14367 4379.1 1.63 0.62 2.55 0.22 156 13 0.20 444
AM 14378 4382.4 2.04 0.82 3.56 0.21 174 10 0.19 444
AM 14380 4383.0 2.10 0.87 4.26 0.40 202 19 0.17 443
AM 14385 4384.5 0.64 0.11 0.61 0.23 95 35 0.15 454
AM 14387 4385.2 0.70 0.17 0.86 0.26 122 37 0.17 449
AM 14407 4391.3 1.38 0.46 2.27 0.20 164 14 0.17 444
AM 14412 4392.8 1.33 0.52 2.12 0.27 159 20 0.20 444
AM 14427 4397.3 1.47 0.56 2.60 0.21 176 14 0.18 441
AB 12562 3828.9 1.78 0.46 2.39 0.19 134 10 0.16 438
AB 12577 3833.5 1.46 0.34 2.13 0.13 145 8 0.14 438
AB 12580 3834.4 1.90 0.31 1.94 0.28 102 14 0.14 431
AB 12584 3835.6 1.71 0.41 1.64 0.22 95 12 0.20 434
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1 9 2
Well Depth (ft) Depth (m) %TOC S1 S2 S3 H a  R Tmax
AB 12588 3836.8 1.92 0.37 1.79 0.26 93 13 0.17 437
AB 12592 3838.0 1.18 0.32 1.71 0.18 144 15 0.16 437
AB 12596 3839.3 1.19 0.35 1.49 0.27 125 22 0.19 440
AB 12607 3842.6 1.84 0.28 1.56 0.33 84 17 0.15 434
AB 12646 3854.5 4.31 1.04 7.08 0.38 164 8 0.13 433
AB 12650 3855.7 1.56 0.29 1.54 0.29 98 18 0.16 435
AB 12663 3859.7 2.66 0.80 5.39 0.42 202 15 0.13 443
AB 12671 3862.1 1.32 0.31 1.43 0.34 108 25 0.18 439
AB 12674 3863.0 2.27 0.S6 4.37 0.30 192 13 0.13 441
AB 13295 4052.3 2.99 0.92 6.76 0.25 226 8 0.12 441
AB 13303 4054.8 3.09 0.83 7.47 0.25 241 8 0.10 441
AB 13311 4057.2 4.71 1.37 11.92 0.32 253 6 0.10 438
AB 13316 4058.7 1.68 0.42 2.85 0.30 169 17 0.13 440
AB 13319 4059.6 2.18 0.63 4.46 0.35 204 16 0.12 443
AB 13322 4060.5 2.21 0.57 3.84 0.26 173 11 0.13 440
AB 13328 4062.4 2.94 0.79 5.62 0.30 191 10 0.12 443
AB 13333 4063.9 1.76 0.43 2.86 0.29 162 16 0.13 441
AB 13353 4070.0 1.99 0.52 3.43 0.43 172 21 0.13 443
AB 15031 4581.4 2.17 0.66 3.13 0.19 144 8 0.17 448
AB 15032 4581.8 1.21 0.30 1.31 0.13 108 10 0.19 448
AB 15034 4582.4 1.39 0.44 1.83 0.12 131 8 0.19 446
AB 15036 4583.0 1.28 0.35 1.55 0.21 121 16 0.18 449
AB 15037 4583.3 1.38 0.44 2.00 0.11 144 7 0.18 450
AB 15038 4583.6 1.13 0.35 1.55 0.13 137 11 0.18 451
AB 15041 4584.5 2.35 0.96 4.58 0.18 194 7 0.17 447
AB 15043 4585.1 1.28 0.34 1.51 0.11 117 8 0.18 448
AB 15048 4586.6 1.31 C.33 1.45 0.13 110 9 0.19 448
AB 15049 4586.9 1.49 0.43 1.77 0.12 118 8 0.20 446
AB 15050 4587.2 1.25 0.36 1.56 0.18 124 14 0.19 449
AB 15051 4587.5 1.12 0.28 1.90 0.13 169 11 0.13 402
AB 15053 4588.2 1.22 0.30 1.43 0.15 117 12 0.17 448
AB 15056 4589.1 1.13 0.30 1.49 0.13 131 11 0.17 438
AB 15059 4590.0 1.47 0.44 1.87 0.14 127 9 0.19 448
AB 15067 4592.4 2.68 0.91 3.98 0.24 148 8 0.19 446
AB 15070 4593.3 0.70 0.21 0.92 0.17 131 24 0.19 436
AB 15072 4593.9 0.45 0.07 0.54 0.17 120 37 0.11 402
AB 15076 4595.2 0.76 0.18 0.75 0.21 98 27 0.19 456
AB 15082 4597.0 0.56 0.10 0.54 0.28 96 50 0.16 473
AB 15084 4597.6 0.65 0.12 0.63 0.20 96 30 0.16 460
AB 15083 4598.8 0.69 0.16 0.71 0.22 102 31 0.18 451
AB 15346 4677.5 0.99 0.31 1.19 0.14 120 14 0.21 450
AB 15351 4679.0 2.41 0.86 3.74 0.16 155 6 0.19 449
AB 15353 4679.6 0.98 0.27 1.11 0.14 113 14 0.20 433
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Well Depth (ft) Depth (m) %TOC S1 S2 S3 H ◦ PI Tmax
AB 15355 4680.2 1.60 0.55 1.98 0.15 123 9 0.22 450
AB 15357 4680.8 1.18 0.39 1.48 0.13 125 11 0.21 450
AB 15358 4681.1 1.01 0.28 1.06 0.14 104 13 0.21 453
AB 15360 4681.7 1.12 0.41 1.30 0.15 116 13 0.24 452
AB 15362 4682.3 1.27 0.40 1.29 0.13 101 10 0.24 450
AB 15364 4682.9 1.11 0.36 1.17 0.14 105 12 0.24 449
AB 15367 4683.9 0.89 0.26 0.96 0.20 107 22 0.21 443
AB 15370 4684.8 1.31 0.39 1.27 0.17 96 12 0.23 450
AB 15374 4686.0 0.84 0.19 0.75 0.15 89 17 0.20 440
AB 15377 4686.9 2.27 0.84 3.35 0.19 147 8 0.20 448
AB 15380 4687.8 1.52 0.53 1.89 0.20 124 13 0.22 449
AB 15382 4688.4 4.83 2.19 11.53 0.35 238 7 0.16 446
AB 15385 4689.3 0.66 0.16 0.72 0.25 109 37 0.18 457
AB 15389 4690.6 0.67 0.17 0.79 0.25 117 37 0.18 458
AB 15392 4691.5 0.70 0.22 0.84 0.17 120 24 0.21 439
AB 15393 4691.8 0.89 0.22 1.06 0.25 119 28 0.17 441
AB 15396 4692.7 1.60 0.54 2.01 0.21 125 13 0.21 447
AB 15398 4693.3 0.99 0.26 0.89 0.25 89 25 0.23 459
V E c 9510 2898.6 0.87 0.13 0.88 1.04 101 119 0.13 439
IJ E c 9600 2926.1 0.91 0.11 1.17 0.71 128 78 0.09 440
MEc 9660 294 4.4 0.98 0.09 1.28 0.52 130 53 0.07 439
MEc 9720 2962.7 0.76 0.09 0.93 0.44 122 57 0.09 440
MEc 9780 2980.9 0.64 0.14 0.64 0.46 100 71 0.18 437
MEc 9840 2999.2 0.71 0.04 0.89 0.43 125 60 0.04 441
U E c 9900 3017.5 0.88 0.09 1.00 0.67 113 76 0.08 441
NEc 9960 3035.8 0.90 0.09 1.41 0.49 156 54 0.06 442
MEc 10020 3054.1 0.96 0.11 1.50 0.71 156 73 0.07 441
VEc 10080 3072.4 0.96 0.09 1.38 0.52 143 54 0.06 443
tuEc 10140 3090.7 0.88 0.11 1.31 0.76 148 86 0.08 440
M E c 10200 3109.0 1.40 0.14 2.07 1.44 147 102 0.06 441
K E c 10260 3127.2 1.23 0.13 1.48 0.51 120 41 0.08 440
tJ E c 10320 3145.5 1.07 0.09 1.59 0.56 148 52 0.05 442
U E c 10380 3163.8 1.38 0.11 2.20 0.96 159 69 0.05 442
tJ E c 10440 3182.1 1.50 0.21 2.61 1.66 174 110 0.07 440
V E c 10500 3200.4 1.23 0.14 1.87 0.72 152 58 0.07 439
h lE c 10560 3218.7 1.08 0.13 1.52 0.46 140 42 0.08 444
MEc 10620 3237.0 1.02 0.09 1.28 0.55 125 53 0.07 443
MEc 10680 3255.3 0.88 0.13 1.15 0.40 130 45 0.10 440
kEc 10740 3273.6 0.96 0.11 1.72 0.52 135 54 0.08 443
MEc 10800 3291.8 1.10 0.14 1.30 0.52 156 47 0.08 442
MEc 10860 3310.1 1.17 0.16 1157 0.66 134 55 0.09 442
yJE r, 10920 5328.4 0.99 0.14 1.44 0.44 145 44 0.09 443
KlE c 10980 3346.7 0.99 0.19 2.16 0.74 218 74 0.08 439
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Well Depth (ft) Depth (m) %TOC S1 S2 S3 H a R Tmax
M e 11040 3365.0 0.50 0.04 0.24 0.54 48 108 0.14 447
MEc 11100 3383.3 0.83 0.11 1.07 0.59 128 71 0.09 442
M e 11160 3401.6 0.98 0.14 1.42 0.66 146 68 0.09 443
MEc 11220 3419.9 1.29 0.18 1.57 0.67 121 51 0.10 442
MEc 11280 3438.1 0.63 0.04 0.26 0.70 41 111 0.13 452
MEc 11310 3447.3 0.73 0.05 0.36 0.76 49 104 0.12 444
MEC 11370 3465.6 0.75 0.11 0.84 0.56 112 74 0.12 442
MEc 11430 3483.9 0.88 0.16 1.17 0.59 132 67 0.12 441
MEc 11490 3502.2 1.40 0.14 1.42 1.89 101 135 0.09 437
M e 11550 3520.4 0.96 0.16 1.49 0.91 155 94 0.10 446
M e 11610 3538.7 0.89 0.24 0.89 0.94 100 105 0.21 440
M E c 11670 3557.0 2.62 0.59 3.78 2.33 144 88 0.14 437
MEc 11730 3575.3 2.35 1.75 6.20 3.63 263 154 0.22 435
MEc 11790 3593.6 0.78 0.09 0.82 1.21 105 155 0.10 441
MEc 11850 3611.9 0.81 0.15 0.95 0.71 117 87 0.14 443
M e 11910 3630.2 0.91 0.16 1.23 0.59 135 64 0.12 441
M E c 11970 3648.5 2.52 0.19 2.62 2.34 103 92 0.07 440
M E c 12030 3666.7 0.76 0.14 0.69 1.04 90 136 0.17 444
M E c 12090 3685.0 1.28 0.16 1.46 1.44 114 112 0.10 442
M E c 12150 3703.3 16.94 3.90 34.93 26.93 206 158 0.10 425
M E c 12210 3721.6 0.88 0.13 1.09 0.39 123 44 0.11 445
M E c 12270 3739.9 0.82 0.09 0.82 0.78 100 95 0.10 447
M E c 12330 3758.2 1.35 0.29 1.81 1.35 134 100 0.14 444
M E c 12390 3776.5 0.94 0.11 0.90 1.11 95 118 0.11 443
M E c 12450 3794.8 1.37 0.13 1.31 1.08 95 78 0.09 443
M E c 12510 3813.0 0.65 0.06 0.41 0.51 63 78 0.13 442
MEc 12580 3834.4 0.78 0.18 0.92 0.41 117 52 0.16 445
MEc 12630 3849.6 0.76 0.16 0.88 0.32 115 42 0.15 444
M e 12690 3867.9 0.64 0.03 0.26 0.60 40 93 0.11 419
M e 12750 3886.2 0.60 0.06 0.38 0.51 63 85 0.14 447
M e 12810 3904.5 0.75 0.26 0.97 0.39 129 52 0.21 446
M e 12870 3922.8 1.15 0.14 1.00 1.13 86 98 0.12 445
M e 12930 3941.1 0.58 0.13 0.62 0.41 106 70 0.18 447
M e 12990 3959.4 4.71 0.84 13.21 2.01 280 42 0.06 438
M e 13050 3977.6 0.55 0.08 0.51 0.44 92 80 0.14 452
M e 13110 3995.9 0.55 0.14 0.64 0.36 116 65 0.18 446
M e 13170 4014.2 0.74 0.11 0.74 0.48 100 64 0.13 447
M e 13230 4032.5 1.53 1.07 1.48 4.05 96 264 0.13 394
M e 13290 4050.8 0.88 0.11 0.79 0.60 89 68 0.42 444
M e 13350 4069.1 0.78 0.18 1.06 1.12 135 143 0.12 445
M e 13410 4087.4 4.45 0.50 4.58 5.75 102 129 0.15 439
M e 13530 4123.9 0.75 0.04 0.27 1.39 36 185 0.13 372
M e 13590 4142.2 0.89 0.09 0.84 0.69 94 77 0.10 441
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Well Depth (ft) Depth (m) %TOC S1 S2 S3 H G R Tmax
NEc 13650 4160.5 0.88 0.06 0.38 0.98 43 111 0.14 443
NEc 13710 4178.8 0.50 0.13 0.31 0.56 62 112 0.30 446
M E c 13770 4197.1 1.53 0.22 2.75 2.10 179 137 0.07 406
MEc 13830 4215.4 1.28 0.18 1.06 1.56 82 121 0.15 443
13890 4233.7 0.53 0.06 0.23 0.54 43 101 0.21 445
NEc 13950 4252.0 0.85 0.29 1.12 1.42 131 168 0.21 447
M E c 14010 4270.2 0.43 0.01 0.04 0.54 9 125 0.25 419
M E c 14070 4288.5 0.45 0.08 0.32 0.34 71 75 0.20 364
NEc 14130 4306.8 1.40 0.06 0.66 2.22 47 158 0.08 444
MEc 14190 4325.1 0.33 0.03 0.03 0.44 9 133 0.50 371
MEc 14250 4343.4 0.76 0.18 0.56 0.69 73 90 0.24 444
NEc 14310 4361.7 0.30 0.00 0.00 0.44 0 146 0.00 413
MEc 14370 4380.0 0.84 0.16 0.95 0.44 113 52 0.15 448
NEc 14430 4398.3 0.84 0.19 0.38 0.99 45 117 0.34 450
MEc 14490 4416.6 0.73 0.18 0.69 0.39 94 53 0.21 447
NEc 14550 4434.8 0.53 0.03 0.13 0.49 24 92 0.19 409
MEc 14610 4453.1 0.62 0.16 0.56 0.51 90 82 0.22 448
NEc 14670 4471.4 0.47 0.04 0.19 0.36 40 76 0.18 451
MEc 14730 4489.7 0.55 0.08 0.14 0.78 25 141 0.36 421
NEc 14790 4508.0 1.63 0.03 0.44 1.82 26 111 0.07 444
NEc 14830 4520.2 0.69 0.26 0.72 0.67 104 97 0.27 443
NEc 14860 4529.3 0.73 0.31 0.54 1.11 73 152 0.37 444
NEc 14950 4556.8 1.35 1.01 2.82 1.24 208 91 0.26 441
NEc 15050 4587.2 0.80 0.31 0.62 0.72 77 90 0.34 454
NEc 15150 4617.7 0.38 0.13 0.13 0.37 34 97 0.50 419
NEc 15250 4648.2 1.40 0.54 1.32 1.02 94 72 0.29 450
NEc 15350 4678.7 0.65 0.28 0.28 0.70 43 107 0.50 453
NEc 15450 4709.2 1.09 0.31 0.56 1.02 51 93 0.36 459
NEc 15550 4739.6 0.73 0.28 0.43 0.94 58 128 0.40 451
NEc 15630 4764.0 0.24 0.36 0.19 0.21 79 87 0.67 343
B A 9000 2743.2 1.21 0.03 0.68 n.a 56 n.a 0.04 n.a
SM 9030 2752.3 1.31 0.04 0.94 n.a 72 n.a 0.04 n.a
B A 9060 2761.5 1.23 0.03 0.93 n.a 76 n.a 0.03 n.a
B A 9090 2770.6 1.18 0.04 0.85 n.a 72 n.a 0.04 n.a
B A 9120 2779.8 1.36 0.08 0.92 n.a 68 n.a 0.08 n.a
B A 9150 2788.9 1.41 0.05 1.30 n.a 92 n.a 0.04 n.a
B A 9180 2798.1 1.31 0.05 1.00 n.a 76 n.a 0.05 n.a
B A 9210 2807.2 1.35 0.05 0.72 n.a 53 n.a 0.06 n.a
B A 9240 2816.4 1.38 0.02 0.79 n.a 57 n.a 0.02 n.a
B A 9270 2825.5 1.20 0.01 0.50 n.a 42 n.a 0.02 n.a
B A 9300 2834.6 1.15 0.01 0.50 n.a 43 n.a 0.02 n.a
B A 9330 2843.8 1.12 0.01 0.34 n.a 30 n.a 0.03 n.a
B A 9360 2852.9 1.35 0.02 0.93 n.a 54 n.a 0.02 n.a
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Well Depth (ft) Depth (nr.) %TOC S1 S2 S3 hi a n Tmax
Sri 9390 2862.1 1.37 0.02 0.65 n.a 47 n.a 0.03 n.a
Sri 9420 2871.2 1.36 0.02 0.58 n.a 43 n.a 0.03 n.a
Sri 9450 2880.4 1.44 0.02 0.80 n.a 56 n.a 0.02 n.a
Sri 9430 2889.5 1.50 0.03 0.99 n.a 66 n.a 0.03 n.a
Sri 9510 2898.6 1.49 0.04 0.94 n.a 63 n.a 0.04 n.a
Sri 9540 2907.8 1.49 0.02 0.64 n.a 43 n.a 0.03 n.a
Sri 9570 2916.9 1.60 0.04 1.02 n.a 64 n.a 0.04 n.a
Sri 9600 2926.1 1.64 0.05 1.11 n.a 68 n.a 0.04 n.a
Sri 9750 2971.8 1.83 0.06 1.23 n.a 67 n.a 0.05 n.a
Sri 9780 2980.9 2.13 0.04 2.30 n.a 108 n.a 0.02 n.a
Sri 9810 2990.1 2.25 0.09 2.20 n.a 98 n.a 0.04 n.a
Sri 9840 2999.2 1.71 0.04 1.20 n.a 70 n.a 0.03 n.a
Sri 9870 3008.4 1.66 0.03 1.30 n.a 78 n.a 0.02 n.a
Sri 9900 3017.5 1.65 0.04 1.10 n.a 67 n.a 0.04 n.a
Sri 9930 3026.7 1.58 0.04 0.82 n.a 52 n.a 0.05 n.a
Sri 9960 3035.8 1.59 0.02 0.69 n.a 43 n.a 0.03 n.a
Sri 9990 3045.0 1.56 0.04 0.81 n.a 52 n.a 0.05 n.a
Sri 10020 3054.1 1.66 0.04 1.07 n.a 64 n.a 0.04 n.a
Sri 10050 3063.2 1.62 0.09 1.41 n.a 87 n.a 0.06 n.a
Sri 10080 3072.4 1.77 0.04 1.20 n.a 68 n.a 0.03 n.a
Sri 10110 3081.5 1.63 0.05 1.10 n.a 67 n.a 0.04 n.a
Sri 10140 3090.7 1.56 0.06 0.89 n.a 57 n.a 0.06 n.a
Sri 10170 3099.8 1.60 0.08 1.30 n.a 81 n.a 0.06 n.a
Sri 10200 3109.0 1.59 0.09 1.10 n.a 69 n.a 0.08 n.a
Sri 10230 3118.1 1.72 0.05 1.40 n.a 81 n.a 0.03 n.a
Sri 10260 3127.2 1.73 0.08 1.60 n.a 92 n.a 0.05 n.a
Sri 10290 3136.4 1.71 0.02 1.44 n.a 84 n.a 0.01 n.a
Sri 10320 3145.5 1.81 0.04 1.44 n.a 80 n.a 0.03 n.a
Sri 10380 3163.8 1.72 0.02 0.87 n.a 51 n.a 0.02 n.a
Sri 10410 3173.0 1.47 0.02 0.65 n.a 44 n.a 0.03 n.a
Sri 10440 3182.1 1.39 0.02 0.50 n.a 36 n.a 0.04 n.a
Sri 10470 3191.3 1.13 0.01 0.71 n.a 63 n.a 0.01 n.a
Sri 10500 3200.4 1.50 0.02 0.82 n.a 55 n.a 0.02 n.a
Sri 10530 3209.5 1.49 0.03 1.00 n.a 67 n.a 0.03 n.a
Sri 10560 3218.7 1.40 0.01 0.73 n.a 52 n.a 0.01 n.a
Sri 10590 3227.8 1.39 0.03 1.20 n.a 86 n.a 0.02 n.a
Sri 10620 3237.0 1.32 0.06 1.10 n.a 83 n.a 0.05 n.a
Sri 10650 3246.1 1.18 0.04 0.92 n.a 78 n.a 0.04 n.a
Sri 10680 3255.3 1.54 0.05 1.20 n.a 78 n.a 0.04 n.a
Sri 10710 3264.4 1.44 0.21 1.10 n.a 76 n.a 0.16 n.a
Sri 10740 3273.* 1.41 0.05 1.30 n.a 92 n.a 0.04 n.a
Sri 10770 3282.7 2.40 0.06 5.07 n.a 211 n.a 0.01 n.a
Sri 10860 3310.1 1.31 0.07 1.80 n.a 137 n.a 0.04 n.a
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Well Depth (ft) Depth (m) %TOC SI S2 S3 H a R Tmax
SM 10920 3328.4 0.90 0.10 1.10 n.a 122 n.a 0.08 n.a
SM 10950 3337.6 1.22 0.04 0.70 n.a 57 n.a 0.05 n.a
SM 10980 3346.7 1.20 0.01 0.66 n.a 55 n.a 0.01 n.a
SM 11010 3355.8 1.16 0.01 0.56 n.a 48 n.a 0.02 n.a
SM 11040 3365.0 1.25 0.02 0.42 n.a 34 n.a 0.05 n.a
SM 11100 3383.3 1.08 0.03 0.58 n.a 54 n.a 0.05 n.a
SM 11130 3392.4 0.97 0.04 0.38 n.a 39 n.a 0.10 n.a
a t 11160 3401.6 1.13 0.03 0.51 n.a 45 n.a 0.06 n.a
SM 11190 3410.7 1.32 0.03 0.83 n.a 63 n.& 0.03 n.a
94 11220 3419.9 1.05 0.02 0.44 n.a 42 n.a 0.04 n.a
94 11250 3429.0 1.10 0.02 0.42 n.a 38 n.a 0.05 n.a
94 11280 3438.1 0.75 0.03 0.25 n.a 33 n.a 0.11 n.a
94 11310 3447.3 0.80 0.02 0.16 n.a 20 n.a 0.11 n.a
SM 11340 3456.4 0.98 0.03 0.35 n.a 36 n.a 0.08 n.a
94 11370 3465.6 0.97 0.02 0.32 n.a 33 n.a 0.06 n.a
94 11400 3474.7 1.03 0.05 0.55 n.a 53 n.a 0.08 n.a
SM 11430 3483.9 0.92 0.05 0.41 n.a 45 n.a 0.11 n.a
94 11460 3493.0 0.99 0.04 0.41 n.a 41 n.a 0.09 n.a
SM 11490 3502.2 0.90 0.04 0.46 n.a 51 n.a 0.08 n.a
94 11520 3511.3 1.05 0.05 0.53 n.a 50 n.a 0.09 n.a
SM 11550 3520.4 1.31 0.05 0.78 n.a 60 n.a 0.06 n.a
94 11580 3529.6 1.38 0.10 0.74 n.a 54 n.a 0.12 n.a
SM 11610 3538.7 1.44 0.05 0.84 n.a 58 n.a 0.06 n.a
94 11640 3547.9 1.33 0.08 0.68 n.a 51 n.a 0.11 n.a
SM 11670 3557.0 1.36 0.06 0.69 n.a 51 n.a 0.08 n.a
94 11700 3566.2 1.37 0.09 1.11 n.a 81 n.a 0.08 n.a
SM 11730 3575.3 1.26 0.08 0.79 n.a 63 n.a 0.09 n.a
94 11760 3584.4 1.26 0.05 0.65 n.a 52 n.a 0.07 n.a
94 11790 3593.6 1.14 0.03 0.53 n.a 46 n.a 0.05 n.a
SM 11820 3602.7 1.18 0.06 0.54 n.a 46 n.a 0.10 n.a
94 11850 3611.9 1.11 0.04 0.67 n.a 60 n.a 0.06 n.a
SM 11880 3621.0 1.26 0.06 0.86 n.a 68 n.a 0.07 n.a
SM 11910 3630.2 1.69 0.30 1.60 n.a 95 n.a 0.16 n.a
SM 11940 3639.3 1.11 0.05 0.50 n.a 45 n.a 0.09 n.a
94 11970 3648.5 1.17 0.06 0.77 n.a 66 n.a 0.07 n.a
94 12000 3657.6 1.16 0.05 0.48 n.a 41 n.a 0.09 n.a
SM 12030 3666.7 1.25 0.06 0.71 n.a 57 n.a 0.08 n.a
94 12060 3675.9 1.19 0.05 0.50 n.a 42 n.a 0.09 n.a
94 12090 3685.0 1.30 0.03 0.68 n.a 52 n.a 0.04 n.a
94 12120 3694.2 1.22 0.03 0.45 n.a 37 n.a 0.06 n.a
94 12270 3739.9 1.18 0.05 0.49 n.a 42 n.a 0.09 n.a
SM 12330 3758.2 0.67 0.06 0.29 n.a 43 n.a 0.17 n.a
94 12360 3767.3 0.88 0.02 0.14 n.a 16 n.a 0.13 n.a
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Well Depth (ft) Depth (m) %TOC S1 S2 S3 HI Ci H Tmax
at 12390 3776.5 0.73 0.20 0.36 n.a 49 n.a 0.36 n.a
SM 12420 3785.6 0.80 0.08 0.41 n.a 51 n.a 0.16 n.a
at 12450 3794.8 0.78 0.05 0.41 n.a 53 n.a 0.11 n.a
SM 12540 3822.2 1.04 0.06 0.85 n.a 82 n.a 0.07 n.a
SM 12570 3831.3 0.73 0.04 0.36 n.a 49 n.a 0.10 n.a
SM 12600 3840.5 0.85 0.05 0.56 n.a 66 n.a 0.08 n.a
at 12630 3849.6 0.87 0.09 0.68 n.a 78 n.a 0.12 n.a
SM 12660 3858.8 0.40 0.11 0.40 n.a 100 n.a 0.22 n.a
SM 12690 3867.9 0.35 0.04 0.31 n.a 89 n.a 0.11 n.a
SM 12720 3877.1 0.72 0.08 0.52 n.a 72 n.a 0.13 n.a
SM 12750 3886.2 0.83 0.05 0.80 n.a 96 n.a 0.06 n.a
SM 12780 3895.3 0.99 0.04 2.50 n.a 253 n.a 0.02 n.a
SM 12810 3904.5 1.29 0.06 1.55 n.a 120 n.a 0.04 n.a
at 12840 3913.6 1.21 0.04 1.40 n.a 116 n.a 0.03 n.a
SM 12870 3922.8 0.83 0.02 0.26 n.a 31 n.a 0.07 n.a
SM 12960 3950.2 1.04 0.30 0.30 n.a 29 n.a 0.50 n.a
SM 13110 3995.9 0.39 0.02 0.25 n.a 64 n.a 0.07 n.a
at 13140 4005.1 0.76 0.03 0.32 n.a 42 n.a 0.09 n.a
at 13170 4014.2 0.76 0.03 0.33 n.a 43 n.a 0.08 n.a
at 13200 4023.4 0.80 0.03 0.34 n.a 42 n.a 0.08 n.a
SM 13230 4032.5 0.88 0.02 0.33 n.a 37 n.a 0.06 n.a
SM 13260 4041.6 0.78 0.02 0.21 n.a 27 n.a 0.09 n.a
SM 13290 4050.8 0.63 0.01 0.18 n.a 29 n.a 0.05 n.a
at 13320 4059.9 0.56 0.01 0.13 n.a 23 n.a 0.07 n.a
at 13350 4069.1 0.56 0.07 0.37 n.a 66 n.a 0.16 n.a
SM 13380 4078.2 0.59 0.15 0.60 n.a 102 n.a 0.20 n.a
SM 13410 4087.4 0.72 0.11 0.57 n.a 79 n.a 0.16 n.a
SM 13440 4096.5 0.70 0.04 0.53 n.a 76 n.a 0.07 n.a
SM 13470 4105.7 0.73 0.04 0.46 n.a 63 n.a 0.08 n.a
SM 13500 4114.8 0.80 0.04 0.56 n.a 70 n.a 0.07 n.a
SM 13530 4123.9 0.82 0.18 0.68 n.a 83 n.a 0.21 n.a
at 13560 4133.1 1.10 0.06 1.00 n.a 91 n.a 0.06 n.a
SM 13590 4142.2 0.84 0.05 0.53 n.a 63 n.a 0.09 n.a
at 13620 4151.4 0.87 0.04 0.56 n.a 64 n.a 0.07 n.a
a t 13650 4160.5 1.05 0.14 0.80 n.a 76 n.a 0.15 n.a
at 13680 4169.7 1.09 0.10 0.83 n.a 76 n.a 0.11 n.a
at 13710 4178.8 1.09 0.08 0.83 n.a 76 n.a 0.09 n.a
at 13740 4188.0 0.97 0.08 0.80 n.a 82 n.a 0.09 n.a
SM 13770 4197.1 0.89 0.04 0.74 n.a 83 n.a 0.05 n.a
SM 13800 4206.2 0.95 0.09 1.11 n.a 117 n.a 0.08 n.a
SM 13830 4215.4 1.05 0.15 0.74 n.a 70 n.a 0.17 n.a
SM 13860 4224.5 0.80 0.14 0.70 n.a 87 n.a 0.17 n.a
SM 13890 4233.7 0.87 0.09 0.49 n.a 56 n.a 0.16 n.a
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Well Depth (ft) Depth (m) %T0C S1 S2 S3 hi 01 R Tmax
SM 13920 4242.8 0.91 0.11 0.63 n.a 69 n.a 0.15 n.a
SM 13950 4252.0 0.87 0.11 0.53 n.a 61 n.a 0.17 n.a
SM 13980 4261.1 0.93 0.11 0.60 n.a 65 n.a 0.15 n.a
SM 14040 4279.4 1.05 0.09 0.67 n.a 64 n.a 0.12 n.a
SM 14070 4288.5 0.99 0.08 0.55 n.a 56 n.a 0.13 n.a
SM 14100 4297.7 0.94 0.11 0.52 n.a 55 n.a 0.17 n.a
SM 14130 4306.8 0.94 0.10 0.64 n.a 68 n.a 0.14 n.a
Sri 14160 4316.0 0.90 0.11 0.55 n.a 61 n.a 0.17 n.a
SM 14190 4325.1 0.88 0.10 0.50 n.a 57 n.a 0.17 n.a
SM 14220 4334.3 1.08 0.16 0.73 n.a 68 n.a 0.18 n.a
Sri 14280 4352.5 0.89 0.07 0.43 n.a 48 n.a 0.14 n.a
Sri 14310 4361.7 0.99 0.07 0.43 n.a 43 n.a 0.14 n.a
SM 14340 4370.8 0.99 0.11 0.51 n.a 52 n.a 0.18 n.a
Sri 14370 4380.0 1.25 0.08 0.65 n.a 52 n.a 0.11 n.a
Sri 14400 4389.1 0.81 0.09 0.36 n.a 44 n.a 0.20 n.a
Sri 14430 4398.3 0.95 0.11 0.46 n.a 48 n.a 0.19 n.a
SM 14460 4407.4 1.00 0.07 0.43 n.a 43 n.a 0.14 n.a
Sri 14490 4416.6 1.01 0.08 0.37 n.a 37 n.a 0.18 n.a
Sri 14520 4425.7 0.98 0.06 0.39 n.a 40 n.a 0.13 n.a
SM 14580 4444.0 1.04 0.10 0.51 n.a 49 n.a 0.16 n.a
SM 14610 4453.1 0.95 0.10 0.63 n.a 66 n.a 0.14 n.a
Sri 14640 4462.3 1.01 0.10 0.53 n.a 52 n.a 0.16 n.a
SM 14670 4471.4 1.03 0.11 0.33 n.a 32 n.a 0.25 n.a
SM 14700 4480.6 1.00 0.02 0.43 n.a 43 n.a 0.04 n.a
SM 14760 4498.8 0.58 0.17 0.29 n.a 50 n.a 0.37 n.a
Sri 14790 4508.0 0.69 0.15 0.32 n.a 46 n.a 0.32 n.a
Sri 14820 4517.1 0.97 0.16 0.46 n.a 47 n.a 0.26 n.a
Sri 14850 4526.3 0.88 0.21 0.43 n.a 55 n.a 0.30 n.a
Sri 14880 4535.4 1.10 0.20 0.60 n.a 55 n.a 0.25 n.a
Sri 14910 4544.6 1.17 0.23 0.72 n.a 62 n.a 0.24 n.a
Sri 14940 4553.7 1.12 0.25 0.81 n.a 72 n.a 0.24 n.a
SM 14970 4562.9 1.30 0.23 0.69 n.a 53 n.a 0.25 n.a
SM 15000 4572.0 1.37 0.27 0.80 n.a 58 n.a 0.25 n.a
Sri 15030 4581.1 1.27 0.24 0.75 n.a 59 n.a 0.24 n.a
SM 15060 4590.3 1.22 0.27 1.05 n.a 86 n.a 0.20 n.a
SM 15090 4599.4 1.39 0.26 1.01 n.a 73 n.a 0.20 n.a
SM 15120 4608.6 1.41 0.25 0.93 n.a 66 n.a 0.21 n.a
SM 15150 4617.7 1.05 0.43 0.82 n.a 78 n.a 0.34 n.a
SM 15180 4626.9 1.14 0.21 0.63 n.a 55 n.a 0.25 n.a
SM 15210 4636.0 1.30 0.25 1.03 n.a 78 n.a 0.20 n.a
SM 15240 4645.2 1.11 0.22 0.70 n.a 63 n.a 0.24 n.a
SM 15270 4654.3 1.20 0.24 0.78 n.a 65 n.a 0.24 n.a
SM 15300 4663.4 2.04 0.29 1.00 n.a 48 n.a 0.22 n.a
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Well Depth (ft) Depth (m) %TOC S1 S2 S3 H a R Tmax
SM 15330 4672.6 1.24 0.25 0.71 n.a 57 n.a 0.26 n.a
SM 15360 4681.7 1.68 0.20 0.85 n.a 51 n.a 0.19 n.a
SM 15390 4690.9 1.02 0.13 0.56 n.a 55 n.a 0.19 n.a
SM 15420 4700.0 1.16 0.12 0.51 n.a 44 n.a 0.19 n.a
SM 15480 4718.3 1.08 0.16 0.58 n.a 54 n.a 0.22 n.a
SM 15510 4727.4 1.15 0.13 0.53 n.a 46 n.a 0.20 n.a
SM 16560 5047.5 1.00 0.14 0.35 n.a 35 n.a 0.29 n.a
SM 16590 5056.6 1.12 0.16 0.33 n.a 29 n.a 0.33 n.a
SM 16620 5065.8 1.10 0.22 0.37 n.a 34 n.a 0.37 n.a
SW 13357 4071.2 0.81 0.20 0.84 0.54 103 66 0.19 443
SW 13379 4077.9 3.32 0.59 2.15 1.09 64 32 0.22 426
SW 13383 4079.1 3.18 1.13 2.96 0.94 93 29 0.28 429
SW 13393 4082.2 2.61 0.69 4.24 0.82 162 31 0.14 435
SW 13413 4088.3 2.99 0.73 5.37 0.73 179 24 0.12 436
SW 13418 4089.8 2.68 0.74 4.49 0.79 167 29 0.14 437
SW 13420 4090.4 4.57 1.70 8.09 1.32 177 28 0.17 432
SW 13425 4091.9 3.17 0.64 5.82 0.75 183 23 0.10 435
SW 13429 4093.2 1.91 0.43 3.25 0.70 170 36 0.12 437
SW 13430 4093.5 5.20 1.26 12.29 0.84 236 16 0.09 431
SW 13434 4094.7 4.67 1.33 12.42 0.70 265 14 0.10 433
SW 13438 4095.9 2.72 0.56 5.38 0.60 197 22 0.09 435
SW 13442 4097.1 2.50 0.50 4.77 0.58 190 23 0.09 437
SW 13445 4098.0 3.36 0.59 5.48 0.53 163 15 0.10 431
SW 13656 4162.3 2.10 0.76 2.82 0.51 134 24 0.21 435
S0C8 11413 3478.7 1.65 0.52 2.82 0.25 170 15 0.16 438
S0C8 11418 3480.2 1.98 1.08 3.67 0.83 185 41 0.23 439
S0C8 11421 3481.1 1.81 0.41 3.30 0.30 182 16 0.11 436
S0C8 11424 3482.0 1.94 0.63 3.44 0.32 177 16 0.15 434
S0C8 11427 3482.9 2.35 0.72 4.33 0.43 184 18 0.14 438
S0C8 11433 3484.8 1.55 0.39 2.71 0.50 174 32 0.13 438
S0C8 11438 3486.3 1.59 0.55 3.54 0.55 222 34 0.13 438
S0C8 11442 3487.5 1.15 0.53 2.66 0.55 231 48 0.17 446
S0C8 11442 3487.5 2.15 0.62 4.79 0.34 222 15 0.11 437
S0C8 11448 3489.4 2.20 0.69 4.44 0.39 201 17 0.13 439
S0C8 11451 3490.3 2.43 0.64 5.54 0.40 227 16 0.10 437
S0C8 11454 3491.2 1.25 0.30 2.41 0.41 192 32 0.11 440
S0C8 11464 3494.2 2.37 0.79 6.47 0.71 272 29 0.11 440
S0C8 11468 3495.4 3.12 0.72 8.95 0.36 286 11 0.07 436
S0C8 11471 3496.4 2.92 1.09 7.25 0.49 248 16 0.13 440
3X 8 11482 3499.7 5.62 1.73 25.98 0.68 446 11 0.06 432
S0C8 11486 3500.9 3.49 0.90 11.25 0.74 322 21 0.07 437
S0C8 11489 3501.8 8.14 2.38 35.60 0.92 437 11 0.06 433
S0C8 11493 3503.1 7.54 2.05 36.66 0.97 486 12 0.05 432
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Well Depth (ft) Depth (m) %TOC S1 S2 S3 hi a PI Tmax
S0C8 11496 3504.0 1.55 0.63 6.36 0.51 410 33 0.0C 446
S0C8 11497 3504.3 2.39 1.03 6.96 0.28 291 11 0.13 436
S0C8 11596 3534.5 1.84 0.36 3.41 0.45 185 24 0.10 430
S0C8 11601 3536.0 1.77 0.27 2.89 0.59 163 33 0.09 436
S0C8 11605 3537.2 1.32 0.33 1.95 0.71 148 54 0.14 442
S0C8 11606 3537.5 •2.58 0.41 4.91 0.35 190 13 0.08 436
S0C8 11610 3538.7 2.21 0.40 3.89 0.38 176 17 0.09 434
S0C8 11614 3539.9 1.92 0.82 3.90 0.26 203 13 0.17 438
S0C8 11623 3542.7 3.21 1.17 6.31 0.30 196 9 0.16 426
S0C8 11624 3543.0 1.48 0.49 3.50 0.21 236 14 0.12 447
SOCB 11625 3543.3 2.49 0.66 6.87 0.25 275 10 0.09 433
SOCB 11630 3544.8 2.79 0.68 6.86 0.31 245 11 0.09 430
SOCB 11633 3545.7 1.87 1.22 3.71 0.36 198 19 0.25 429
SOCB 11637 3547.0 2.16 0.67 4.73 0.34 218 15 0.12 433
CWD 11133 3393.3 0.85 0.21 1.45 0.22 170 25 0.13 436
CWD 11135 3393.9 1.96 1.55 3.85 0.40 196 20 0.29 430
CWD 11136 3394.3 1.30 0.28 2.30 0.13 176 10 0.11 438
CWD 11136 3394.3 1.33 0.55 2.62 0.37 196 27 0.17 431
CWD 11136 3394.3 0.81 0.51 1.63 0.39 201 48 0.24 444
CWD 11137 3394.6 1.47 0.54 2.84 0.25 193 17 0.16 432
CWD 11140 3395.5 2.03 0.47 3.54 0.18 174 8 0.12 436
CWD 11141 3395.8 1.20 0.23 2.00 0.08 166 6 0.10 435
CWD 11141 3395.8 1.73 0.63 3.19 0.30 184 17 0.16 432
CWD 11142 3396.1 1.46 0.63 3.11 0.37 213 25 0.17 437
CWD 11163 3402.5 3.48 2.26 14.73 0.62 423 17 0.13 427
CWD 11163 3402.5 2.24 1.73 8.36 0.69 373 30 0.17 428
CWD 11164 3402.8 2.50 1.12 9.89 0.57 395 22 0.10 424
CWD 11168 3404.0 3.03 0.80 10.35 0.30 341 9 0.07 428
CWD 11169 3404.3 3.82 1.11 12.29 0.40 321 10 0.08 427
CWD 11174 3405.8 2.57 0.61 8.37 0.26 325 10 0.07 429
CWD 11176 3406.4 2.21 0.95 7.01 0.54 317 24 0.12 429
CWD 11177 3406.7 2.63 0.67 7.81 0.37 296 14 0.08 430
CWD 11178 3407.1 3.12 1.13 11.81 0.83 378 26 0.09 429
CWD 11178 3407.1 2.96 1.06 12.33 0.72 416 24 0.08 432
CWD 11179 3407.4 1.65 0.56 5.58 0.48 338 29 0.09 444
CWD 11179 3407.4 3.41 1.29 28.77 0.84 843 24 0.04 435
CWD 11180 3407.7 3.53 0.93 12.13 0.22 343 6 0.07 430
CWJ 11419 3480.5 1.25 0.20 2.47 0.35 197 28 0.07 438
CWJ 11420 3480.8 0.91 0.19 1.87 0.00 198 0 0.09 445
CWJ 11420 3480.8 1.24 0.16 2.13 0.37 171 29 0.07 433
CWJ 11420 3480.8 1.13 0.21 2.57 0.28 227 24 0.08 437
CWJ 11421 3481.1 1.15 0.17 1.98 0.20 172 17 0.08 431
CWJ 11421 3481.1 1.35 0.19 2.76 0.25 204 18 0.06 434
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CWJ 11422 3481.4 1.26 0.26 2.57 0.25 203 19 0.09 433
CWJ 11423 3481.7 1.24 0.18 2.44 0.24 196 19 0.07 436
CWJ 11424 3482.0 1.64 0.37 3.58 0.29 218 17 0.09 432
CWJ 11425 3482.3 0.94 0.23 1.85 0.08 203 8 0.11 444
CWJ 11425 3482.3 1.62 0.20 3.40 0.27 209 16 0.08 434
CWJ 11426 3482.6 1.28 0.17 2.25 0.22 175 17 0.07 435
CWJ 11426 3482.6 1.26 0.20 2.76 0.21 219 16 0.07 437
CWJ 11427 3482.9 0.75 0.12 1.43 0.30 190 40 0.08 435
CWJ 11429 3483.6 0.78 0.11 1.36 0.45 174 57 0.07 437
CWJ 11446 3488.7 1.79 0.58 4.03 0.32 225 17 0.13 433
CWJ 11448 3489.4 2.12 0.72 5.35 0.49 252 23 0.12 431
CWJ 11448 3489.4 1.19 0.29 2.93 1.89 246 158 0.09 438
CWJ 11449 3489.7 1.28 0.31 2.54 1.40 198 109 0.11 432
CWJ 11449 3489.7 0.98 0.46 2.11 0.53 215 54 0.18 431
CWJ 11450 3490.0 1.67 1.01 4.20 0.51 251 30 0.19 447
CWJ 11450 3490.0 4.05 3.46 12.90 0.92 317 22 0.21 437
CWJ 11450 3490.0 3.14 3.27 23.44 1.43 746 45 0.12 433
CWJ 11450 3490.0 1.96 2.85 4.58 1.40 233 71 0.38 435
CWJ 11452 3490.6 1.58 0.41 3.33 0.61 210 38 0.11 432
CWJ 11452 3490.6 1.12 0.28 2.70 0.61 241 54 0.09 436
CWJ 11453 3490.9 2.66 1.01 6.46 0.56 242 21 0.14 437
CWJ 11455 3491.5 2.38 0.65 5.40 0.85 226 35 0.11 434
CWJ 11457 3492.1 1.66 0.45 4.61 0.66 277 39 0.09 438
CWJ 11457 3492.1 1.62 0.84 3.25 0.35 200 21 0.21 435
CWJ 11457 3492.1 1.86 0.55 4.51 0.35 242 18 0.11 436
CWJ 11466 3494.8 2.07 0.58 5.91 0.66 285 31 0.09 436
CW3 11416 3479.6 2.03 0.44 4.53 0.41 223 20 o.os 434
CWG 11417 3479.9 1.34 0.15 2.21 0.79 164 58 0.06 436
CWG 11418 3480.2 1.71 0.30 3.24 0.20 189 11 0.08 436
CWG 11418 3480.2 1.52 0.32 3.31 0.26 217 17 0.09 435
CWG 11419 3480.5 1.84 0.38 3.77 0.43 204 23 P OS 436
CWG 11419 3480.5 1.81 0.45 4.00 0.35 220 19 0.10 431
CWG 11420 3480.8 1.17 0.13 1.76 0.71 150 60 0.07 436
CWG 11421 3481.1 1.63 0.46 3.31 0.31 203 19 0.12 438
CWG 11421 3481.1 1.31 0.3C 3.11 0.23 237 17 0.09 433
CWG 11421 3481.1 1.84 0.36 3.68 0.29 200 15 0.09 433
CWG 11421 3481.1 1.49 0.44 3.15 0.30 211 20 0.12 432
CWG 11422 3481.4 1.71 0.34 3.34 0.22 195 12 0.09 433
CWG 11423 3481.7 1.39 0.18 2.04 0.67 146 48 0.08 436
CWG 11424 3482.0 1.63 0.43 3.57 0.22 219 13 0.11 435
CWG 11425 3482.3 0.90 0.27 1.26 0.43 140 47 0.18 435
CWG 11447 3489.0 1.52 0.32 2.67 0.82 175 53 0.11 434
CWG 11472 3496.7 2.59 0.54 7.51 0.66 289 25 0.07 433
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CWG 11482 3499.7 2.76 1.14 7.95 0.36 288 13 0.13 428
CWG 11483 3500.0 2.37 0.62 7.03 0.71 296 29 0.08 432
CWG 11483 3500.0 2.37 1.06 8.48 0.49 357 20 0.11 429
CWG 11493 3503.1 2.81 0.91 7.69 0.34 273 12 0.11 425
CWG 11494 3503.4 3.75 1.03 15.21 0.56 405 14 0.06 430
CWG 11496 3504.0 5.65 1.38 26.03 1.02 460 18 0.05 435
CWG 11496.5 3504.1 14.80 5.20 65.10 1.73 442 12 0.07 424
CWG 11497 3504.3 3.28 0.69 12.44 0.94 379 28 0.05 429
CWG 11497 3504.3 32.78 15.25 205.3 5.06 626 15 0.07 422
CWG 11512 3508.9 2.53 0.46 8.99 0.71 355 28 0.05 432
CWG 11513 3509.2 2.45 0.50 7.58 0.74 309 30 0.06 432
CWG 11514 3509.5 2.31 0.59 8.71 0.47 377 20 0.06 429
QMS 11515 3509.8 1.62 0.43 6.21 0.88 383 54 0.06 443
CWG 11515 3509.8 2.16 0.63 8.25 0.47 381 21 0.07 431
CWG 11517 3510.4 2.13 0.54 7.55 0.51 354 23 0.07 431
CWG 11521 3511.6 1.46 0.37 4.52 0.29 309 19 0.08 434
CWG 11522 3511.9 3.29 0.74 13.36 0.44 406 13 0.05 429
CWG 11523 3512.2 2.97 0.73 11.37 0.43 382 14 0.06 432
CWG 11524 3512.5 2.44 0.83 8.83 0.35 361 14 0.09 435
CWG 11525 3512.8 2.03 0.80 7.23 0.27 356 13 0.10 431
CWG 11526 3513.1 1.75 0.30 4.80 0.81 274 46 0.06 434
CWG 11526 3513.1 2.58 0.84 9.85 0.47 381 18 0.08 432
SLNB 11600 3535.7 1.87 0.21 2.17 0.72 116 38 0.09 430
SLNB 11600 3535.7 1.93 0.22 2.23 1.92 115 99 0.09 434
SLNB 11601 3536.0 1.78 0.17 1.63 0.55 91 30 0.09 428
SLNB 11602 3536.3 1.47 0.08 1.07 0.47 72 31 C.07 422
SLNB 11603 3536.6 1.39 0.10 0.94 0.19 67 13 0.10 425
SLNB 11603 3536.6 1.19 0.08 1.41 0.42 118 35 0.05 427
SLNB 11603 3536.6 1.35 0.10 0.98 1.44 72 106 0.09 427
SLNB 11604 3536.9 1.37 0.13 1.55 0.39 113 28 0.08 435
SLNB 11604 3536.9 1.11 0.10 1.38 0.54 124 48 0.07 433
SLNB 11604 3536.9 1.35 0.12 1.36 1.51 100 111 0.08 439
SLNB 11605 3537.2 1.29 0.11 1.34 0.46 103 35 0.08 420
SLNB 11606 3537.5 0.79 0.12 1.20 0.35 151 44 0.09 437
SLNB 11607 3537.8 1.02 0.08 1.20 0.30 117 29 0.06 436
SLNB 11607 3537.8 1.09 0.08 1.59 0.35 145 32 0.C5 435
SLNB 11607 3537.8 0.95 0.09 0.96 1.21 101 127 0.09 439
SU© 11608 3538.1 0.90 0.25 1.50 0.31 166 34 0.14 433
SLNB 11609 3538.4 1.05 0.09 1.16 0.31 110 29 0.07 439
SLNB 11609 3538.4 0.71 0.09 1.16 0.29 163 40 0.07 437
SLNB 11609 3538.4 1.03 0.10 1.17 1.07 113 103 0.08 441
SLNB 11610 3536.7 0.70 0.12 1.07 0.36 152 51 0.10 434
SLNB 11619 3541.5 1.70 0.30 1.29 0.68 75 40 0.19 419
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SLNB 11619 3541.5 2.21 0.36 1.93 0.77 87 34 0.16 420
SLNB 11621 3542.1 1.69 0.15 2.37 0.61 140 36 0.06 434
SLNB 11621 3542.1 1.23 0.16 2.13 0.53 173 43 0.07 430
SLNB 11621 3542.1 1.61 0.18 2.25 1.32 139 81 0.07 434
SLNB 11622 3542.4 1.51 0.16 0.94 0.69 62 45 0.15 419
SLNB 11622 3542.4 1.40 0.21 1.15 0.72 82 51 0.15 418
SLNB 11622 3542.4 1.42 0.11 0.78 1.28 54 90 0.12 426
SLNB 11648 3550.3 0.95 0.20 2.21 0.85 232 89 0.08 432
SLNB 11650 3550.9 0.71 0.16 1.28 0.41 180 57 0.11 432
SLNB 11651 3551.2 0.87 0.17 1.55 0.36 178 41 0.10 431
SLNB 11652 3551.5 1.35 0.30 1.53 0.35 113 25 0.16 423
SLNB 11654 3552.1 1.38 0.36 1.91 0.43 138 31 0.16 424
SLNB 11658 3553.4 2.47 0.38 3.94 0.55 159 22 0.09 425
SLNB 11659 3553.7 1.32 0.32 2.09 0.37 158 28 0.13 423
TO 11579 3529.3 1.13 0.28 1.82 0.18 161 15 0.13 441
TO 11585 3531.1 0.86 0.18 1.29 0.16 150 18 0.12 446
TO 11587 3531.7 0.53 0.11 0.79 0.14 149 26 0.12 446
TO 11593 3533.5 0.58 0.18 0.56 0.13 96 22 0.24 444
TO 11625 3543.3 1.02 0.19 1.47 0.11 144 10 0.11 445
TO 11936 3638.1 0.97 C.14 1.14 0.12 117 12 0.11 433
TO 11939 3639.0 1.28 0.16 1.93 0.30 150 23 0.08 435
TO 11945 3640.8 1.31 0.21 1.66 0.38 126 29 0.11 438
TO 11949 3642.1 3.33 0.51 5.28 0.70 158 21 0.09 425
TO 11950 3642.4 1.44 0.25 1.92 0.32 133 22 0.12 432
TO 11956 3644.2 1.44 0.24 1.77 0.47 122 32 0.12 435
TO 11985 3653.0 1.73 0.56 5.16 0.67 298 38 0.10 424
TK 11582 3530.2 0.73 0.12 0.80 0.17 109 23 0.13 437
TK 11597 3534.8 0.67 0.13 0.81 0.20 120 29 0.14 434
TK 11601 3536.0 0.64 0.09 0.50 0.20 78 31 0.15 435
TK 11602 3536.3 0.40 0.06 0.27 0.13 67 32 0.18 436
TK 11601 3536.0 0.47 0.13 0.95 0.04 202 8 0.12 444
S8S 13128 4001.4 1.65 1.15 2.65 0.70 160 42 0.30 441
S8S 13129 4001.7 1.81 1.52 3.81 0.88 210 48 0.29 441
S8S 13133 4002.9 1.43 1.11 2.65 1.20 185 83 0.30 441
S8S 13134 4003.2 1.28 0.75 1.91 0.75 149 58 0.28 440
S8S 13134 4003.2 1.91 1.76 3.79 1.19 198 62 0.32 439
S8S 13135 4003.5 1.69 1.41 3.23 1.43 191 84 0.30 439
S3S 13137 4004.2 1.72 1.31 3.55 1.19 206 69 0.27 439
S8S 13139 4004.8 1.47 3.34 3.75 0.79 255 53 0.47 437
S8S 13140 4005.1 1.75 2.23 3.79 0.99 216 56 0.37 437
S8S 13143 4006.0 0.97 0.76 1.56 0.59 160 60 0.33 439
S8S 13143 4006.0 1.77 0.86 3.02 1.33 170 75 0.22 440
S8S 13147 4007.2 2.38 1.39 5.24 0.94 220 39 0.21 439
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S8S 13150 4008.1 2.21 0.92 4.71 1.24 213 56 0.16 439
S8S 13152 4008.7 1.95 2.05 4.11 1.23 210 63 0.33 438
S8S 13154 4009.3 1.49 0.78 2.47 0.47 165 31 0.24 440
S8S 13158 4010.6 1.74 1.16 3.48 0.87 200 50 0.25 439
S8S 13161 4011.5 1.62 1.12 3.24 0.62 200 38 0.26 440
S8S 13164 4012.4 1.42 0.94 2.25 0.65 158 45 0.29 441
S8S 13175 4015.7 0.77 0.40 1.03 0.31 133 40 0.28 439
S8S 13179 4017.0 0.47 0.61 0.73 0.22 155 46 0.46 439
S8S 13183 4018.2 0.10 0.15 0.20 0.45 200 450 0.43 510
S8S 13186 4019.1 0.40 1.67 1.13 0.23 282 57 0.60 398
S8S 13196 4022.1 0.35 1.45 0.66 0.17 188 48 0.69 387
S8S 13209 4026.1 0.24 0.86 0.72 0.23 300 95 0.54 404
S8S 13221 4029.8 0.35 0.98 0.95 0.30 271 85 0.51 419
S8S 13227 4031.6 0.55 0.95 1.01 0.16 183 29 0.48 430
S8S 13236 4034.3 0.37 0.34 0.73 0.23 197 62 0.32 434
S8S 13244 4036.8 0.58 0.43 0.93 0.29 160 50 0.32 434
S8S 13246 4037.4 0.39 0.43 0.41 0.31 105 79 0.51 441
S8S 13253 4039.5 0.66 0.60 1.02 0.24 154 36 0.37 438
S8S 13258 4041.0 0.73 0.40 1.00 0.10 136 13 0.29 438
S8S 13632 4155.0 0.69 0.64 0.93 0.21 134 30 0.41 438
S8S 13641 4157.8 0.24 0.37 0.25 0.33 104 138 0.60 446
S8S 13642 4158.1 0.37 0.35 0.42 0.35 113 94 0.45 435
S8S 13650 4160.5 0.14 0.21 0.39 0.19 278 135 0.35 431
S8S 13664 4164.8 0.14 0.73 0.35 0.48 250 342 0.68 414
S8S 13675 4168.1 0.14 0.69 0.30 0.20 214 142 0.70 389
S8S 13686 4171.5 0.53 2.75 1.47 0.37 277 69 0.65 409
S8S 13697 4174.8 0.35 1.53 0.93 0.41 265 117 0.62 402
S8S 13709 4178.5 0.29 1.43 0.81 0.25 279 86 0.64 386
S8S 13718 4181.2 0.53 3.17 1.85 0.36 349 67 0.63 416
S8S 13725 4183.4 0.42 2.19 1.13 0.24 269 57 0.66 418
S8S 13735 4186.4 0.21 0.47 0.33 0.15 157 71 0.59 437
S8S 13748 4190.4 0.13 0.20 0.31 0.10 238 76 0.39 434
S8S 13754 4192.2 0.20 0.42 0.37 0.17 185 85 0.53 435
S8S 13760 4194.0 0.19 0.22 0.28 0.23 147 121 0.44 437
S8S 13773 4198.0 0.67 0.57 0.87 0.19 129 28 0.40 437
S8S 13781 4200.4 0.42 0.38 0.49 0.28 116 66 0.44 433
S8S 13789 4202.9 0.84 0.76 0.98 0.18 116 21 0.44 437
S8S 13792 4203.8 0.59 0.71 0.49 0.55 83 93 0.59 432
S8S 13795 4204.7 0.72 0.70 0.76 0.52 105 72 0.48 436
S8S 13799 4205.9 0.70 0.35 0.57 0.38 81 54 0.38 440
S8S 13802 4206.8 0.71 0.52 0.63 0.29 88 40 0.45 438
S8S 13805 4207.8 0.52 0.38 0.43 0.20 82 38 0.47 437
S8S 13808 4208.7 0.64 0.98 0.50 0.17 78 26 0.66 437
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S88 13223 4030.4 0.48 0.36 1.05 0.34 218 70 0.26 448
S88 13289 4050.5 0.36 0.41 0.77 0.50 213 138 0.35 458
SB8 13321 4060.2 0.58 0.28 1.33 0.23 229 39 0.17 449
S B > 13287 4049.9 0.19 0.09 0.56 0.03 294 15 0.14 447
SEP 13769 4196.8 0.22 0.08 0.54 0.01 245 4 0.13 411
S2S 13753 4191.9 0.88 0.36 1.50 0.28 170 31 0.19 454
S2S 13815 4210.8 0.59 0.21 1.03 0.14 175 23 0.17 448
S2S 13821 4212.6 0.62 0.18 0.51 0.16 82 25 0.26 438
S2S 13830 4215.4 0.63 0.21 0.54 0.20 85 31 0.28 441
S2S 13832 4216.0 0.41 0.11 0.37 0.06 90 14 0.23 452
S2S 13838 4217.8 0.38 0.08 0.36 0.04 95 10 0.18 451
S2S 13842 4219.0 0.52 0.16 0.49 0.20 94 38 0.25 441
S2S 13845 4220.0 0.59 0.18 0.71 0.01 120 1 0.20 452
S2S 13847 4220.6 0.84 0.20 0.82 0.07 97 8 0.20 441
S2S 13856 4223.3 0.65 0.18 0.79 0.11 122 16 0.19 453
S2S 13862 4225.1 0.70 0.19 0.84 0.09 120 12 0.19 453
S2S 13868 4227.0 0.57 0.21 0.69 0.09 121 15 0.23 450
S2S 13872 4228.2 0.59 0.19 0.75 0.11 127 18 0.20 452
TH 13770 4197.1 0.34 0.09 0.73 0.09 214 26 0.11 448
M< 14218 4333.6 1.08 0.20 1.14 0.10 105 9 0.15 440
M< 14229 4337.0 4.20 2.33 10.13 0.41 241 9 0.19 438
NK 14234 4338.5 3.87 3.19 9.72 0.11 251 2 0.25 440
M< 14240 4340.4 3.24 3.96 8.27 0.21 233 5 0.32 439
M< 14247 4342.5 4.00 3.18 9.72 0.20 243 5 0.25 439
M< 14247 4342.5 3.24 1.40 10.07 0.21 314 6 0.12 440
M< 14248 4342.8 3.29 3.93 10.77 0.55 327 17 0.27 450
M< 14260 4346.4 2.81 1.18 9.48 0.39 337 14 0.11 451
M< 14260 4346.4 3.47 2.27 8.62 0.16 248 4 0.21 440
M< 14263 4347.4 4.47 1.93 16.28 0.37 364 8 0.11 437
tJ K 14265 4348.0 3.15 1.53 7.12 0.11 226 3 0.18 440
14269 4349.2 3.96 1.28 13.29 0.34 335 8 0.09 439
M< 14271 4349.8 1.71 2.64 4.02 0.54 235 32 0.40 450
M< 14276 4351.3 1.82 0.98 3.38 0.18 185 9 0.22 440
AW 12553 3826.2 1.65 0.23 2.86 0.58 173 35 0.07 435
AW 12556 3827.1 1.35 0.21 2.41 0.80 178 59 0.08 433
AW 12563 3829.2 1.50 0.26 2.74 0.46 182 30 0.09 436
AW 12565 3829.8 1.33 0.22 1.24 0.23 93 17 0.15 422
AW 12574 3832.6 1.73 0.19 2.43 1.16 140 67 0.07 433
AW 12592 3838.0 0.78 0.08 1.39 0.32 178 41 0.05 436
AW 12608 3842.9 0.85 0.09 1.32 0.35 155 41 0.06 432
AW 12611 3843.8 0.84 0.03 1.37 0.38 163 45 0.06 437
AW 12615 3845.1 0.86 0.12 1.77 0.43 205 50 0.06 436
AW 12617 3845.7 0.91 0.14 1.59 0.42 174 46 0.08 431
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AW 12635 3851.1 1.81 0.29 3.05 1.46 168 80 0.09 431
AW 12640 3852.7 1.88 0.25 3.25 2.03 172 107 0.07 431
AW 12888 3928.3 0.85 0.14 1.65 0.49 194 57 0.08 430
AW 12890 3928.9 0.66 0.10 1.23 0.53 186 80 0.08 435
AW 12897 3931.0 0.62 0.06 1.23 0.26 198 41 0.05 433
AW 12899 3931.6 0.77 0.12 1.33 0.32 172 41 0.08 432
AW 12901 3932.2 0.77 0.08 1.40 0.38 181 49 0.05 436
AW 12905 3933.4 0.81 0.08 1.20 0.60 148 74 0.06 433
AW 12909 3934.7 2.18 0.41 4.23 0.48 194 22 0.09 433
AW 12964 3951.4 0.99 0.12 1.38 0.25 139 25 0.08 430
AW 12965 3951.7 1.00 0.12 1.80 0.40 180 40 0.06 433
AW 12966 3952.0 1.10 0.16 1.87 0.32 170 29 0.08 431
AW 12969 3953.0 1.08 0.13 2.00 0.46 185 42 0.06 434
AW 12971 3953.6 0.98 0.13 1.56 0.37 159 37 0.08 432
KE 12210 3721.6 2.13 1.20 2.73 4.05 128 190 0.31 430
KE 12270 3739.9 0.73 0.16 0.55 0.65 75 89 0.23 408
KE 12300 3749.0 0.66 0.09 0.31 0.72 46 109 0.22 351
KE 12360 3767.3 1.02 0.18 0.71 0.86 69 84 0.20 441
ME 12420 3785.6 0.85 0.18 0.38 0.51 44 60 0.32 440
KE 12480 3803.9 0.87 0.26 0.78 0.51 89 58 0.25 444
ME 12540 3822.2 0.72 0.21 0.72 0.43 100 59 0.23 445
KE 12600 3840.5 2.61 0.26 1.54 3.36 59 128 0.14 441
KE 12660 3858.8 0.95 0.21 0.62 0.62 65 65 0.26 447
fE 12720 3877.1 1.17 0.28 1.05 0.71 89 60 0.21 445
KE 12780 3895.3 1.15 0.29 1.20 1.02 104 88 0.20 447
KE 12840 3913.6 0.91 0.28 0.92 0.41 101 45 0.23 446
KE 12900 3931.9 1.02 0.19 0.74 0.72 72 70 0.21 444
KE 12960 3950.2 0.91 0.18 0.73 0.80 80 87 0.20 446
KE 13020 3968.5 1.28 0.28 0.89 1.19 69 92 0.24 442
KE 13080 3986.8 0.97 0.16 0.74 0.64 76 65 0.18 446
KE 13140 4005.1 1.02 0.20 0.90 0.63 88 61 0.18 446
KE 13200 4023.4 0.92 0.21 0.94 0.49 102 53 0.18 447
H E 13260 4041.6 0.99 0.23 0.95 0.41 95 41 0.19 447
KE 13320 4059.9 0.93 0.23 0.53 0.79 56 84 0.30 444
KE 13380 4078.2 0.82 0.18 0.42 0.56 51 68 0.30 446
KE 13440 4096.5 0.66 0.29 0.39 0.34 59 51 0.43 423
KE 13500 4114.8 0.45 0.13 0.23 0.31 51 68 0.36 365
ME 13560 4133.1 0.50 0.13 0.16 0.33 32 66 0.46 450
KE 13620 4151.4 0.33 0.14 0.19 0.63 57 190 0.44 363
KE 13710 4178.8 0.18 0.14 0.19 0.51 105 283 0.44 561
KE 13800 4206.2 0.17 0.14 0.14 0.34 82 200 0.50 296
KE 13890 4233.7 0.65 0.23 0.63 1.37 96 210 0.27 439
KE 13980 4261.1 0.40 0.26 0.36 0.60 90 150 0.42 419
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KE 14100 4297.7 0.25 0.16 0.26 0.43 104 172 0.38 361
KE 14220 4334.3 0.13 0.04 0.03 0.23 23 176 0.67 296
KE 14340 4370.8 0.31 0.16 0.28 0.28 90 90 0.36 n.a
MS 12500 3810.0 3.62 0.97 2.55 5.62 70 155 0.28 364
MS 12590 3837.4 0.62 0.24 0.44 0.56 70 90 0.35 446
MS 12700 3871.0 0.88 0.08 0.36 1.30 40 147 0.18 447
MS 12810 3904.5 0.38 0.06 0.01 0.36 2 94 1.00 294
MS 12900 3931.9 0.83 0.23 0.74 0.76 89 91 0.24 443
MS 13000 3962.4 0.99 0.03 0.29 1.38 29 139 0.09 423
MS 13060 3980.7 0.97 0.18 0.77 0.79 79 81 0.19 445
MS 13090 3989.8 0.89 0.16 0.73 0.58 82 65 0.18 443
MS 13120 3999.0 0.95 0.19 0.78 0.78 82 82 0.20 448
KB 13150 4008.1 0.88 0.16 0.62 0.64 70 72 0.21 446
KB 13190 4020.3 0.77 0.08 0.32 0.44 41 57 0.20 452
KB 13230 4032.5 0.83 0.14 0.39 0.59 46 71 0.27 372
MS 13270 4044.7 0.75 0.16 0.57 0.56 76 74 0.22 442
KB 13340 4066.0 0.96 0.28 0.53 2.32 55 241 0.35 413
MS 13420 4090.4 1.80 1.01 2.24 5.48 124 304 0.31 426
MS 13500 4114.8 0.37 0.09 0.18 0.84 48 227 0.35 346
MS 13600 4145.3 0.45 0.16 0.52 0.80 115 177 0.24 445
KB 13700 4175.8 0.61 0.38 1.05 0.00 172 0 0.27 447
MSP 12600 3840.5 1.29 0.04 0.90 n.a 70 n.a 0.04 n.a
MSP 13000 3962.4 1.22 0.06 0.55 n.a 45 n.a 0.10 n.a
MSP 13030 3971.5 1.20 ' 0.01 0.09 n.a 7 n.a 0.10 n.a
MSP 13060 3980.7 1.29 f \  A4 w.w « 0.13 n.a 10 n.a 0.07 n.a
MSP 13090 3989.8 1.20 0.09 0.72 n.a 60 n.a 0.11 n.a
MSP 13120 3999.0 1.18 0.04 0.88 n.a 75 n.a 0.04 n.a
MSP 13150 4008.1 1.15 0.04 0.95 n.a 83 n.a 0.04 n.a
MSP 13180 4017.3 1.42 0.05 1.59 n.a 112 n.a 0.03 n.a
MSP 13210 4026.4 1.36 0.05 0.81 n.a SO n.a 0.06 n.a
MSP 13240 4035.6 1.20 0.03 0.53 n.a 44 n.a 0.05 n.a
M33 13270 4044.7 1.17 0.03 0.54 n.a 46 n.a 0.05 n.a
MSP 13300 4053.8 1.04 0.04 0.37 n.a 36 n.a 0.10 n.a
MSP 13360 4072.1 1.09 0.03 0.49 n.a 45 n.a 0.06 n.a
S2CZ 13090 3989.8 0.73 0.38 0.90 0.51 123 69 0.30 442
S2CZ 13210 4026.4 0.56 0.28 0.49 0.42 87 75 0.37 439
S2CZ 13330 4063.0 0.74 0.36 0.82 0.50 110 67 0.31 444
S2CZ 13450 4099.6 0.89 0.56 0.84 0.74 94 83 0.40 442
S2CZ 13690 4172.7 0.89 0.58 1.06 0.63 119 70 0.35 446
S2CZ 13840 4218.4 0.87 0.47 0.33 1.25 37 143 0.59 450
S2CZ 13990 4264.2 0.85 0.71 0.56 0.60 65 70 0.56 443
S2CZ 14120 4303.8 1.30 6.43 2.80 1.37 215 105 0.70 445
S2CZ 14240 4340.4 0.83 6.28 1.80 0.89 216 107 0.78 451
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Well Dept.' (ft) Depth (m) %70C S1 S2 S3 H ◦ R Tmax
SB1CZ 13170 4014.2 1.39 1.51 4.22 1.03 303 74 0.26 442
S81CZ 13350 4069.1 8.52 8.77 64.39 1.04 755 12 0.12 444
S81CZ 13410 4087.4 2.17 3.04 9.80 0.92 451 42 0.24 D.&
S81CZ 13620 4151.4 1.46 2.72 4.32 0.94 295 64 0.39 n.a
S81CZ 13740 4188.0 2.97 5.13 13.98 1.00 470 33 0.27 437
S81CZ 13920 4242.8 3.41 7.66 16.80 1.21 492 35 0.31 n .a
S81CZ 14070 4288.5 4.82 37.49 7.16 2.39 148 49 0.84 n.a
FM 10162 3097.4 0.83 0.14 0.93 0.20 112 24 0.13 433
FM 10194 3107.1 1.23 0.10 1.51 0.77 122 62 0.06 432
FM 10202 3109.6 1.37 0.12 1.88 0.53 137 38 0.06 432
FM 10225 3116.6 0.88 0.10 1.02 0.51 115 57 0.09 434
FM 10234 3119.3 1.53 0.16 2.81 0.32 183 20 0.05 434
FM 10243 3122.1 1.29 0.17 2.21 0.26 171 20 0.07 434
CT 10199 3108.7 1.07 0.19 1.35 0.26 126 24 0.12 427
CT 10204 3110.2 0.71 0.24 1.17 0.20 164 28 0.17 431
CT 10209 3111.7 0.75 0.14 0.76 0.34 101 45 0.16 429
CT 10214 3113.2 0.97 0.12 1.17 0.74 120 76 0.09 434
CT 10219 3114.8 0.73 0.09 1.04 0.39 142 53 0.08 434
CT 10239 3120.8 1.08 0.12 1.29 0.31 119 28 0.09 434
CT 10244 3122.4 1.10 0.17 1.19 0.39 108 35 0.13 429
CT 10248 3123.6 0.98 0.13 1.13 0.41 115 41 0.10 431
CT 10252 3124.8 0.92 0.11 0.73 0.35 79 38 0.13 424
CE 10200 3109.0 1.45 0.02 2.29 0.51 157 35 0.01 431
CE 10200 3109.0 0.19 0.16 2.12 0.93 1115 489 0.07 432
ABH 13319 4059.6 1.98 0.52 5.40 0.57 272 28 0.09 436
ABH 13322 4060.5 1.68 0.39 3.82 0.90 227 53 0.09 435
ABH 13325 4061.5 2.36 0.71 5.71 0.73 241 30 0.11 433
ABH 13327 4062.1 1.84 0.45 3.72 1.23 202 66 0.11 434
ABH 13334 4064.2 2.01 0.59 5.12 0.80 254 39 0.10 434
ABH 13344 4067.3 1.76 0.45 4.59 0.38 260 21 0.09 435
ABH 13346 4067.9 1.95 0.44 4.50 0.72 230 36 0.09 435
ABH 13347 4068.2 2.21 0.53 5.65 0.56 255 25 0.09 436
ABH 13348 4068.5 2.08 0.53 6.06 0.43 291 20 0.08 438
ABH 13351 4069.4 1.44 0.46 3.41 0.52 236 36 0.12 436
ABH 13354 4070.3 1.91 0.54 5.27 0.40 275 20 0.09 434
ABH 13355 4070.6 0.88 0.27 1.97 0.45 223 51 0.12 434
ABH 13360 4072.1 1.79 0.45 4.44 0.84 248 46 0.09 434
ABH 13362 4072.7 1.38 0.31 2.85 0.59 206 42 0.10 434
ABH 13366 4074.0 1.46 0.38 3.57 0.37 244 25 0.10 437
ABH 13367 4074.3 2.09 0.66 5.97 0.55 285 26 0.10 437
ABH 13370 4075.2 1.64 0.49 4.47 0.34 272 20 0.10 435
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